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The occupalionsi dcfvriplioiis contained In this volume 
hat'c been compiled from a number of different sources 
and therefore describe the individual occupations in a 
generalized composite form. Consequently, no description 
can be expected to coincide exactly nilh any speciSc job 
in a particular establishment or in a particular locality. 
To be of ^calcst usefulness, the descriptions should be 
supplemented by local information concerning the spe- 
cific jobs in the community. 

The TJ. 5- Employment Service has no responsibility for 
the settling of jurisdictional matters or the sellin£' of va^cs 
and hours. In the preparation of occupational descriptions, 
no facts concerning such matters were collected. It should 
be clearly understood, therefore, that, because of their 
nature, occupational descriptions puhilshed by the U. S. 
Employment Service cannot be considered standards for 
the detcrmiisatioa of uvages, hours, or jurisdictional 
matters. 
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Melahvorking. as a manufacturing procc_;S, is of great importance in 
many of today’s industries. Its occupations arc undergoing tremendous 
changes with numerically controlled metal-cutting machining advances. 
Intensive attempts to apply new developments in automatic control 
theory and electronics to machining processes started about 20 years 
ago. and the first practical numerically controlled machine tools were 
put in use in 1957. Now there are almost 10,000 numerically controlled 
machine tools in use, and both the number of these machines and their 
proportion to conventional machine tools are expected to continue 
increasing over the next few years. 

Studies conducted by industrial groups, business consultants, and others 
indicate the possibility that almost 50 percent of all short-run metal- 
cutting machining in the United States will be accomplished on numer- 
ically controlled machine tools ivithin the next decade as compared to 
under 5 percent at the present time. Rapid acceptance of numerical 
control makes necessary an awareness of its implications for the work 
force of today and tomorrow, and an understanding of the changing 
education, experience, and training-retraining requirements the new 
technology is imposing. 

The primary purpose of this booklet is to present this kind of occu- 
pational information for use in counseling, placement, and other man- 
power activities of the State Employment Services. It also will be useful 
to others concerned with recruitment, training, and counseling of persons 
in this field of work. 



CHARLES E. ODELL 
Director, 

US. Employment Service 
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INTRODUCTION 



■WHAT IS NC3IERICAL COMTtOL? 

Numerical conirol means the control of all or a part of any process by 
introducing programed symbolic instructions and numerical data, with 
at least some portion of the c^ntjol incorporating feedback (self- 
correction). The utilization of this technique results in making a 
process highly automatic and accurate. Basically, the numerically 
controlled machine conrcrls taped data into instructions, which direct 
the machine to do certain things automatically, including a sampling 
of its own performance. 

Process control of continuous-flow industrial processes, such as catalytic 
cracking of petroleum and the automated production of synthetic rubber, 
is generally a separate area of computer application from numerical 
control. Since most continuous industrial processes have so many 
variables requiring control, a computer is an essential central element 
of the automatic process-control system. Such a computer can be either 
special or general-purpose in design. It can also ibe an analog (meas- 
uring) or digital (counting) computer, or it can be a hybrid which 
employs characteristics of both types. 

Nevertheless, a precise distinction between numerical control and process 
control is not possible. Numerically controlled systems for machine 
tools, and other discontinuous shop processes such as flame cutting, 
pipe bending, and welding, normally have computerlike elements, such 
as a limited “memory” and logic circuitry. Thus many controls, while 
executing a current instruction, are able to retain a previous instruction 
and look ahead to the next. Some controls for machine tools actually 
contain a special-purpose computer. These can be used to interpolate; 
they can compute the large number of intervening points on a circle or 
parabola that are needed to hold a machining operation within desired 
tolerances. These control systems have developed to reduce the manual 
computational effort in part programing. They also eliminate the need 
for the services of an expensive “front office” engineering or business 
data processing computer which might otherwise be required by the 
part programer working on complicated or lengthy assignments. 



WHY IS IVUIVIERICALLY CONTROLLED MACHINING 
IMPORTANT? 

In early 196.5 an estimated 500,000 workers were employed as machine 
tool operators. For these work forces (of which those engaged in 
metal-cutting machining are only a part), it is expected that thousands 
of job openings will occur during the 1965-75 period. Most of these 
will result from the need to replace experienced workers, with retire- 
ments and deaths alone providing about 25,000 openings annually.* 

* Occupational Outlook Handbook, 1966-67 edition. Bureau of Labor Statis- 
tics, U.S. Department of Labor. 



Howcrcr. what vrouH be a nonnal increase in total employment due to 
progress in the economy generally and greater demands for products 
of machine tooling will be somewhat offset by the increases in output 
per worker due to technological changes. ?Jumerical control oi machine 
tools constitutes a major technolo^cal development and as a r<^lt of a 
substantial increase in use of numerical control through the mid-19i0s. 
overall manpower reijuircments for machine tool operators t^^y^ be 
reduced. Conversely, additional en^neers, prograroers, and technicians 
probably will be needed-* 

Numerical control can perhaps be expected to have a greater impact on 
occuoations related to the processes of siiorl-run machining loan any 
other technological change. "While we seem to be living in a mass- 
producticn environment, our economy could also well be characterized 
as *one great job shop.’ As an example, even where “Detroit Automation 
is applied, short-mn and single-part machining still are needed to make 
these high-production lines possible. Tools, dies, jibs, fixtures, cams, 
templates, models, and special-purpose machines and transfer lines 
must be designed and produced. According to a study undertaken 
several years ago, about 75 percent of the machin^ parts made in 
this country were produced in lots of oO or less ; and short-run 
machining is the manufacturing area where numerical control really 
comes into its own. While not as efficient in mass production operations 
as automatic, special-purpose machines, numerically controlled machine 
tools assigned to short-run jobs in many industries already are sur- 
passing their conventional counterparts in machining economy. This is 
particularly true in the case of installations where management has 
reallocated groups of work tasks to take full advantage of numerical 
control’s potential chipmaking (cutting away of excess metall 
productivity. 

Numerical control is much more than a new method. It can be described 
as a new concept of manufacturing management. It makes available an 
alternative to many conventional machining methods. Until the advent 
of numerical control, manufacturing engineering had to maLe a series 
of hard choices. 

• W'ould the volume be so small that strictly manual machining would 
be the best choice? 

• Should jigs be made, especially when repeat orders were probable? 

• Would automatic machines be preferable to other methods despite 
lengthy setup and change-over time? 

• Might production runs be long and unvaried enough to warrant the 
design and installation of special-purpose machine tools and material- 
transfer equipment? 

Numerical control makes possible some of the economic advantages of 
mass production manufacturing, while retaining the flexibility of 
machining with general purpose, non-specialized machine tools. 

Frequently, numerical control can be used effectively for one-of-a-kind 
machining. This is particularly the case with respect to parts which 

^ America’s Industrial and Occupational Manpower Requirements, January 
1966, Bureau of Labor Statistics, U.S. Department of Labor, 

= Economics of Plant Automation. Frank Shallenberger, New York, John 
Wiley, 1957. (In “Automation in Business and Industry”, Eugene Grabbe, 
editor.) 
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inrolve high labor costs because of the use of conventional machinmg 
methods. Consider the following example: a single workpiece in which 
several hundred precisely located holes must be drilled. 

In this case, the operator of a conventional machine undCTSlandald> 
works more and more carefully and slowly, and his labor time on me 
part increases. By way of contrast, the numerically control!^ machine 
will proceed at its predelennined and predictable speed, mindless and 
uncaring. Of course, the control tape prepared by the part programer 
had better be right! 

Numerical control is also making a contribution in another area, that 
of machining matching parts. Using axis-reversal switches on Ae consm^ 
or a computer routine for the same pu;pose, “left hand— right hand' . 
or mirror image, parts can be made. Thus, matching side fr^es of a 
machine can be made from only one part program. Also, dissimilar but 
mating parts, such as housings and their covers, can usually be 
produced at less cost In situations such as these, numerical contrd 
may well he scieewfi over conventional machln-ng methods even though 
it is the more expensive machining method. This is because in the 
piaure of manufacturing costs, numerical control peraits consid^ble 
reduction, or even elimination, of rework and corrective hand finishing 
at the final assembly point. 

To justify investment in numerical control, an increasing number of 
users are reexamining conventions of manufacturing they fomerty took 
for granted. One example is acceptance of traditional, handbook 
feedrates and speeds. Increasingly, these are being rejected, and replaced 
by new, optimum standards based on users’ test runs on their own 
machine floors. 

Taken alone, each minor improvement in such things as fixturing, 
tooling, (and tool sharpening), and fluids used to cool and lubricate 
parts during machining, may not be significanL Cumularively, however, 
these can permit increases in mtichining feeds and speeds, without undue 
sacrifice of surface finishes, tolerances, and tool life. This is particularly 
so when shop machinability practices have remained almost unchanged 
for many years — a situation that is not unusual. Also, some managements 
have failed to take due notice of improved rigidity and vibration-damping 
characteristics of newer machine tools and the increasingly effective 
quality control of workpiece materials. These all permit a lower “margin 
of insurance” than was previously possible when manufacturing stand- 
ards were being set up. 

Thus the fact of commitment to numerical control as a manufacturing 
method has had other effects, some of them unexpected. Perhaps one 
of the most important of these is that the technique affords its users 
practice in questioning and amending customary ways of doing business, 
and in taking an integrated view of their operations. 

As this new breed of machine tool continues to replace traditional 
machines and methods, the occupational implications of numerical 
control become more and more important to personnel involved in 
placement, counseling, and guidance. Not only are the machines different, 
but associated with them are major changes in product d^ign, drafting, 
production planning, man-machine relationships, and maintenance. All 
of these changes directly affect occupations and their interrelationships 
in the many indus»ries that are adopting numerical control. 

o • rs • 2 




aiSTORfCAL BACKGROrND 

Early ni!n:crij*al oonlrol dercloprotnt was sponsored by ite Air 
Ferre. Inunedialely afl'^r TTorfd War II it became apparent that new 
manufaclurin" mclbods would be required to produce supersonic 
airnart and missiles.’ The inlroduclion of new materials required new 
machining methods. Xcw and more complex pai^ demanded ^ealer 
accuraev and prccirfon than opcialors could adtiere with produdson 
machine IooL« or cam-following tool-room equipment such as duplicator 
milling machines. Afachining “from the solid” of complex shapes hhe 
aircraft skin sections with integral supporting structures w:^ necessary 
to meet the sircngth-lo-weighl requirements of supersonic aircraft;^ and 
it was recognized that co^< of tooling and manufacturing by conventional 
methods would he prohibitive. Production runs usually were short. ^ 
rapid tcchnolc-^'ical improvemcnLc applicable to jet aircraft and roissS.es 
shortened permissible lead time and forced frequent design changes, 
often at the lest minute. Thus, any new method for madiining new 
products had to l*e verv fler hV. “Detroit Automation”— the use of 
special-purpose machine .systems for mass-production of standardized 
— -ivas not a solution to problems facing aerospace and ordnance 
manuractufers. 

The first numerical control study and developmental contracts were 
placed in 1943 and 1949. Research was rapidly intensified and broadened 
to bring in pcrsoniacl affiliated with numerous manufacturers and users 
of machine tools, controls, and computers, including universities. In the 
early 1950’s. public demonstrations of a numerically controlled profile 
milling machine were conducted at the Servomechanisms Laboratory of 
the Afassachuselis Institute of Tcchnolog>-- The Air Force placed vdumc 
orders for numerically controlled machrncs in 19ao- and by 19or the 
first machines were installed, debugged, and at work in suppliers’ plants. 

The development of numerical control probably is unique in that sophisti- 
cated multi-axis machines were made first available to resolve some of 
the “space age” problems referred to above. Less complex and expensive 
machines came later. Transistorized, modularized control systems were 
marketed only about five years ago. Numerical machine and control 
systems now have become economically competitive with conventional 
machine tools for the vast range of short-run machining work in our 
manufacturing economy. While numerical control is becoming more 
productive and reliable, comparative cost is declining. These haie 
become major factors in the industrial acceptance of numerical control. 

It seems probable that workers in the metalwoiking industries will find 
more changes in the content of their jobs in the next few years than 
in any previous period. Continuing developments in computer, control, 
and instrumentation technology, and basic research in machine tool 
dynamics and metallurgy are all combining to have an effect on machin- 
ing methods and the occupations related to them. Such developments 
are also having less direct, tangible effects on the whole o^ manu- 
facturing organizations that adopt them. Some of these effects are 
described later. These effects are the results of the application of 
numerical control to low production metal-cutting machining. However, 
some of them also may occur when numerical control is applied to other 
spheres of manufacturing. 

’ For those interested in more information, the following two sources arc 
suggested: Scientific American, September, 1952, and American Machinist, 
October 25, 1954. 



OCCUPATIONAL CHANGES 
AND IMPLICATIONS OF 
NUMERICAL CONTROL 

MANUFACTURINC MANAGEMENT 

The “syslcms’’ approach to manufacluring planning— formal analyti^l 
study of allcmatirc procedures and melliods to define the oplimu^m- 
t^rated manufacturing system— is having an effect on all types of indu^ 
tries. Managements arc being compelled to reexamine traditional o^m- 
zational stiuaures on a systematic basis. As a result, jobs are bdng 
changed both in their content as well as in their relationship to other 
jobs. Even jobs at the “top management” level are being altered; new 
analytical tools for managerial analysis and decision-making require an 
understanding of their usefulness. 

The increasing presence of manag'^rs who have formal training in buri- 
ness administration, systems analysis, and operations research tech- 
niques, and a trained ability to “see the big picture” when defining oper- 
ational requirements, undoubtedly has been a factor in the increasing 
acceptance of numerical control. 

DESIGN AND MANUFACTURING PLANNING 

Only recently have significant aKempts been made to design products 
from the ground up for manufacture by numerical control. Manufactur- 
ing feasibility and cost analysis are beginning to play a major role, fre- 
quently for the first time, in the definition of optimum designs. As might 
be expected, the leaders in this effort are aircraft, aerospace and ord- 
nance industries, with their years of numerical control experience. Many 
employers in non-defense industries are beginning to insist that their 
design engineering personnel acquire a considerable knowledge of nu- 
merical control processes, as well as machine capabilities and^ limita- 
tions. Thus, an increasing proportion of their new-products mix k being 
designed to take full advantage of the numerical control potential. 
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Cuirent piodrds llial vere ©rij5na!lf df«?ned for coav?=5:&=3l 
ing arc a!s« be5ng rcdcf5gnw3 for nassniral conlroL Tbis trend probas v 
has been grcallv accculnaled hr conlinKcd h5^ Ir*«l of ovT ^no^v. 
«cce Ei=nv conpaaics have beta opoaiing al or near :h«r fall prodne- 
lire capatilv for scxeial rears. However. o=c nnmcrjca! oonliol lar^ 
nsaallv can make cnneccssarr one or several jigs, pallcn^. 
lemplales or olher enaambrances of convcalional znaebinang. Tn^ 
be saapped when a part programed for cnmerical oonlroL Tbey do 
col have to be slorei moved, roainlained or repaiiesL .Also, mannlar- 
loring for invenioiy can almort be elhnjnaled if deared. and cn^enl 
invenlorv geared rnneb more ciosdv to woib orders beransc o. abe^oit- 
cned iead-limc and inbcr<a:t fieiihiiav of nnmcrically conlro im- 
ebining. All these factors tend to release experienced woibcrs and valu- 
able plant space for more productive puiposes- 



AUTOMATIC 

DRAFTIHG MACHINES, COMPUTERS 

Automatic drafting machines— basically X-Y plotters but sophirtic^ci 
often large in size, and capable of higli aocuiacy and rap:d recordang 
speed— are coming into common use in the aircraft and acto^ace in- 
dustries to record distal computer output in graphic form. Tbey are 
also gaining acceplancxj in non-dcfcn.«c industries: here applications ap- 
pear more limited and used mostly to verify tool path data on control 
tapes. Drafting machines arc used cither directly connected to a com- 
puter or off-line and use computer output as an input m<dium. Sonac- 
limes camera and closed-circuit television systems arc included m the 
drafting machine package. Some machines can scale up and down, to 
produce drawings to the exact scale desired. Probably the major curr^l 
use of most drafting machines is in verifying the accuracy of tapes c- 
fore they arc released for production puiposes, but there are many 
other applications, such as scribing, plotting, lofting and even straight 
drafting The last of these may eventually have the greatest efiert on 
personnel employed in the drafUng occupations, ^me of the machines 
now being marketed not only can develop three-idew line drawing, but 
also have full alphabetic and numerical printing capabilities and thiK 
can produce supporting data on drawings. However, as Ls the case with 
almost any new piece of hardware, it probably will be some lime before 
procedures to realize the full potential of the equipment are completely 
developed and appreciated. 

Research is continuing in computer programing for automatic drafting 
and In ccmpuler-assisled designing. If much of this research bears fruit, 
then it is possible that some, or even considerable personnel dislocaUon 
or displacement may occur. Engineering personnel involved in the de- 
velopment and application of automatic drafUng processes expr^ the 
belief that it is too early to make quantitative forecasts concerning the 
occupational significance of automatic drafting It may be that just the 
mix of work tasks in the engineering and technical support occupaUons 
may shift, with the significant change being the take-over by compute 
and automatic drafting machines of some of the more led'jus tasks 
of various j'obs. Also, automatic drafting may become most useful as an 
adjunct to conventional methods, rather than a replacement for them, is 
greatest value may be as a tool in engineering design and analysis and 
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crodiScalioa. rzJBw llsan a l€>ol in i!je prtppajalion of drawing:? for prodnr- 
lien paiposes. 

G>i3pEler-a?5if3cd oJlimalrfi inav hare a ron53<2eiaii!e sajccl on 

raanv profe?«onal enjdncrrin;: and Serhniral-suiJpert onrapalions. One 
coiTcnl srsaesn tillfid AED-1 lAclomaled EnfSacering Dfsigni is aimed 
b&lh al elimlnalin* :he cecd for rn?iac>win? pro^parnia* and tnahiag cn- 
cene« 5 arr ite conrerson cf diawings to coapaler-prore«5ai»3e fonnal. 
Wilh ihis fvsJem. the dengn en^neer addrc»«5 ihe romprler hr draKiag 
lines on a calhode-rav inbr wilh a pholoelecirir light pea. He presses 
halloas and kers to define his design inlenl. modify portions of ihe de- 
«gn. and sperifr dimensions. A laige-scafe digital compnler reeehcs. 
ronrerts. ealcnlalcs. and stores the design infonnalion. 

Evenlnallr. rompulcr-assisled deagn ran hare ormpalnonal implicalions 
far herond ihe design, drafling and technical-support areas. Il alreadr is 
technically feasible to merge the oulpul of the design engineer-compulcr 
team into the compulerized business dala proressing sysJcm so that mosl 
or ail of the paperwork of manufacturing can he prepared as a byproducl 
of the design effort. The span of control of the design engineer could 
be exieeded all the way throu^ manufacture of the end products, when 
all numericallr controlled manufacturing and malezials-handling fadli- 
ties are brought under sunTdllance of a centralized computer-control sys- 
tem. 5ucb a total manufacturing system may never be economicaliv 
feasible except in specialized and limited manufacturing areas, but it is 
well within ihe reach of present scienlifie and technical knowledge and 
even the possibility of a factory — and its office — almost devoid of workers, 
raises serious socioeconomic questions. 



DiGmZING 

VERSUS DRAFTING MACHINES 

Digitizing machines werg de%*eloped to perfoim functions in opposition 
to those of drafting machines. In general, the purpose of digitizers is to 
sense points on drawn or scribed lines on existing drawings or patterns 
tinslead cf drawing them), and convert those points to numerical data 
on a paper tape or other medium. These data then can he further 
processed by a computer, or used directly to control machine tool move- 
ments. Thus an engineering drawing, pattern, loft plate, or similar 
object placed on the machine table can he the input medium. 

After the operator zeros in the sensing device — ^ivith a built-in micro- 
scope on the machine, or by using a console with a closed circuit tele- 
vision display — he can instruct the machine to follow the rest of the line 
or curve by depressing console keys. On some machines he can also add 
instructions, such as coolant off-on commands and machine tool feed- 
rates through the keyboard, to produce complete machining tapes, 
rather than tapes that merely define the configuration of parts to be 
machined. 



Until now. the major market for digitizing machines has been the air- 
craft and aerospace industries. However, development of more sophisti- 
cated and flexible digitizing systems may change this situation rapidly. 
Now on the market, for example, are machines capable of both digitiz- 
ing and drafting functions, with moderate change-over time required of 
the operator. These machines are becoming recognized by management 
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in vzsnv ii:d:n=lnr< a« venr thtv add to tnaaiifsrliarirj: £txi- 

l'51ily. ard al a cofl iIjsI ^^ fca^-itlc. 

Olhcr dcvciojaicn'ts. scgcIj as di^ulal cospalcrs wiih iaa^li*pr.'>resRn^: 
fealures (iJial can pi ©ness setiensl programs rimujlaneonslyi. are also 
leading to increasing arceplanot* of digilizing and drafting macliines, 
Mnliiproressing pcnnils the inlcgialion of lire drafting 'digilmng sysien 
and ite compnlo- tnihoul interfering wilh ite compnlex's ©ifter, nsore 
conrenlional, appliealson. 

The applicalion of leriiniqncs derelojMrd for pholograniniclry ilbc science 
of redneing dala from l!jr<e<3irocnsiona! aerial pholographsi has been 
Knder de»eiopn:cnl for several years. These lechniqnes arc fennilling 
dala diplizing fronj ihree-diincnsional models. lalhcr lhan from loft 
drawings. By phologrammelric melhods. the auiomohilc Jndnsiry. for 
example, mighl cut its cmcia! lead lime in producing dies for new body 
designs io a small fraction of that required at present. -Some automobile 
manufacturers have already partially automated their die-making 
processes.’ taking off dimensions directly from day models of body 
oomponcnls by these melhods. to produce tapes Sot conlour-miOing melal 
dies on mulli-axis machines. This has the effect of eliminating much in- 
Iricale, manual work such as loft line sweetening, wood mockup making, 
and the extensive hand finishing of dies fabricated on tracer-type dupli- 
cating machines. 



COMPUTER PROGRAMING , 

PART PROGRAMING 

Part programing personnel often use an address language that is derived 
from one of computer programing — FORTRAN being the current, out- 
standing example — but arc not required to know ail the details of how 
a computer functions, its logic and arithmetic units, and its capabilities 
and limitations. On the other hand, the computer programer for nu- 
merical control must know these, and well, for at least one make and 
type of digital computer, and also must meet most of the requirements 
of a part programer, in order to he able to prepare or modify numerical 
control computer programs effectively. 

Thus, to be effective, any computer programer for numerical control must 
bring two things to the Job- lie must be an effective engineering-and- 
scientific computer programer, and he must have acquired a fairly ex- 
tensive background in machine shop practices, machining properties of 
materials, and machine tool and control capabilities. The ability and 
experience to perform adequately in only one of the two areas is just 
not enough- The job is interdisciplinary in nature. 

This is also an example of another factor: new jobs do not respect 
traditional occupational structures. Many well-experienced en^neers 
with various educational backgrounds have been able to gain an under- 
standing of part programing by studying manuals and taking numerical 
control programing courses of one or a few weeks duration. 

Much the same holds true for computer programing. Many courses 
now are offered that provide the basics of computer programing for 
working engineers. Experienced engineering personnel who for many 

* Business Week, September 11, 1965 
The Iron Age, December 23, 1965 
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rears bare Leea aKar frosi fcbool ?d<ion bare diSrallr iz tiaders iantiin g 
ibe csrcepls pnescsied in ibese c»arses. However, ibey may have difi- 
co3iy in applying ibesc conoepls in the technically difficall area of nu- 
jnencal oonlrol. The tnalhemalics Feguired to be a scccessful Duzceiical 
coniro! compnlcr pro^ramcr is diSierent in both level and caiure from 
whal was typically available 20, or even 10 years ago. Thus, to function 
eSediveiy as a compnlcr pjo^amer for mulii-aris numerical control, the 
older worker in the engineering area has to review such topics as matrix 
algebra and advanced mathematical analysis. This iciath hairier can be 
a major obstacle to engineers who bepe to translate some of thdr prac- 
tical manufacturing experience into cSective numerical oonlrol computer 
programs. 



COORDINATION, COMMUNICATION 

Many cstablishmcnis that became involved early in numerical control 
have taken a long, hard look at thdr part programing practices related 
to writing insliruciions for machine operators. This involved analyzing the 
quantity and nature of data required to set up and operate numerically 
controlled machines. In many cases this led to abbreviating the opera- 
tions sheets or manuscripts (after defining what the operator really has 
to know), and expanding written setup instructions to prevent operator 
misinterpretation. Adequate downward communication beca m e necessary 
to assure that the parts were oriented and located exactly as part pro- 
graroers intended. This became crucial as relatively few installations had 
their part programers present on the machine floor when tapes were 
proved ouL On the other hand, assurance against a communication gap 
l*lwccn the machine floor and the engineering department had to be 
provided, so en^necring personnel could benefit from manufacturing ex- 
perience — ^remedy defects and improve future performance. 

As employers continued to expand their installations, it became more 
necessary for them io redefine the relationships — ^and standards for at- 
taining them — of their numerical control personnel. Wlien the first ma- 
chines were installed, it was common practice to work out problems 
jointly: the machines were new, and both part yrogramers and operators 
usually were inexperienced (though trained) in numerical control. 

But as more equipment goes on line, more formal coordination is neces- 
sary. It is no longer feasible for a part programer to observe operators 
during the setup and operation of the first piece-part of a run, and answer 
qsiestiftns gnd resolve operating difficulties. For the part programer, such 
free-wheeling liaison is psychologically satisfying but not economically 
justifiable. It is an expensive way to buy feedback, and becomes less 
satisfactory as the numerical control installation grows larger. 



This emphasis on coordination and improvement in lines of communica- 
tion is extending through all of numerical control manufacturing. The 
designers must have adequate understanding of numerical control poten- 
tialities — and limitations — to prevent a loss in manufacturing efficiency. 
So the team concept which is common in defense industries is being 
applied elsewhere. Part programers as well as production planners are 
being drawn into conferences in the preliminary stages of designing. This 
has an additional advantage. When these manufacturing engineering 
personnel participate in studies related to production feasibility, they will 
have fewer difficulties in visualizing the product and in developing proc- 
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esses ard meibods lo m a ke iis manufadure possitle. The cl:aBce for 
manufaduiing error also is reduced. 

For these reasons, an increasing number of plants bare set up the pon- 
lion of COORDI^^\TOR FOR NUMERICAL CONTROL. As is typical 
of neKly emeiging occupations, his job duties, res}»ondbilities, and au- 
thority raiT widely, as does his company title. He may occupy a staff 
position in the organizational structure and function in a purely advisory 
capacity; or he may hare line responsibility and superrise a unit such as 
the part pro^aming department, and perform coordinator duties as an 
additional responsibility. He may be a superrisory en^neer, and be head 
of process and methods or all of industrial and manufacturing engineer- 
ing. 'Wfaaterer, he has one set of responsibilities that are crucial to the 
cffcctircness of the numerical control effort; he must be an effective 
pipeline for giving and receiving information. He is the nerve center for 
numerical control communications, both upward and downward. 

When something goes wrong in the shop — or could be improved — it is 
the coordinators responsibility to gel this information to the right hands 
in the right place. His contacts thus are with personnel in design and 
manufacturing engineering (including part programing). Other contacts 
arc with tool design, accounting, quality control, purchasing, training and 
other personnel oScers. Thus tact and something akin to salesmanship 
are essential. If not selling numerical control, at least he is the key 
person in promoting its effective use. He may also do some outside sdl- 
ing, to load the machines fully during slack manufacturing periods. He 
also may be instrumental in resolving manufacturing problems that ori^- 
nate outside the organization. One such major current problem is within- 
the-lot size and hardness variation in raw workpieces. The numerical 
control coordinator may have to convince management to set closer receiv- 
ing requirements, despite greater purchase costs, in order to save even 
more money later through reduced manufacturing costs. 

Liaison with the maintenance department and specialists such as quality 
control engineers to develop maintenance methods, also is a significant 
responsibility of a coordinator. Machine breakdowns are expensive — 
much more so than downtime on conventional machines. Also, the hidden 
costs of downtime are larger. Not only is extensive rescheduling neces- 
saiy in many cases, but parts scheduled for numerical control may have 
to be pulled, and production replanned for manufacturing by conventional 
processes. If, in fact, that is possible. Sometimes it is noL 



MANUAL PARTS PROGRAMING, 

OFFICE STANDARDS 

Many employers are revising their procedures and methods to reduce the 
chance of producing faulty manual (non-computer) part programs. One 
change is toward requiring that part programers cross-check the work of 
other part programers, rather than check their own work for accuracy, 
because there is often a tendency to make the same mistake in verifying 
data that was made when recording it. In the course of a single day, a 
manual part programer may record 5,000 or more letters and digits of 
machine instructions on his special forms. All of these have a specific 
meaning, and an error can injure a machine operator, prevent processing, 
destroy a workpiece, or damage the machine tool. So what appears to be 
a trend toward cross-checking can be expected to continue. 11 
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A K-cl! oiganized librarj* of part prognans. set up with the needs of part 
pxo^ramers in nind and at a location convenient to them, can raise the 
lei'cl of programing accuracy — ^and productivity — dramatically. For ex- 
ample. once a certain holt hole pattern is identified, it can be duplicated 
in K-hoIc or part from a previous part program. But only if the part 
prograroer can find it! Thus more emphasis currently is being plac^ 
on adequate cross-indexing of part pro^nms, by nature of problems 
and their solutions. As manufacturers get more of their product mix 
on tape, the emphasis on adequate organization of part program li- 
braries can be expected to increase. 

Cross-checking techniques have also been applied in the clerical area, 
though apparently to a lesser extent. The reason for their application is 
much the same: human error, thou^ here particularly in clerical per- 
ception, can cause havoc on the machine floor if the error is not detected 
and corrected. Numerically controlled machines are mindless. vill 
do only vrhat they are instructed to do by the machine control tape. Thus 
the data typist (who prepares the tape by copying from the part pro- 
graraer’s process manuscript) can introduce an error that results in a 
faulty machine instruction. The machine will try to follow its instniclion, 
even if there is six inches of solid fixture or workpiece in the way. So 
in some installations, after the data typist checks her hard-copy 
(printed) output against the process manuscript, she routes them to 
another office clerk who does the same thing: then they are returned to 
manufacturing en^eering, where a part programer checks everything 
again. 

In plants where verifier attachments have been installed on data type- 
writers, the business practice of having typists verify each others’ work 
(as has been the case in key punch departments for many years) is be- 
coming common. 

Of all companies that were survej'ed during this project, none had errors 
on as much as one percent of their tapes as first released. However, 
scarred machine tables, and fixtures with drill holes in inappropriate 
places, gave evidence that the desired zero-error level of manufacturing 
planning is yet to be achieved. 

It is perhaps strange that relatively large manufacturing concerns seem 
to have less trouble adapting to numerical control than small plants. 
But size and formal organization usually go together. Many years ago, 
most medium to large size manufacturers installed effective, formalized 
office systems, methods and procedures. These merely required modifica- 
tion when numerical control machines were delivered. On the other hand, 
many smaller shops never had set up formal office practices — and in fact 
avoided them. These shops are finding that freewheeling ways of doing 
internal Business no longer are adequate. Because of the Breadth and de- 
tail of manufacturing planning required by numerical control. 



TOOL DESIGN 

Although the traditional work tasks of tool designers employed in short- 
run manufacturing appear relatively unchanged by numerical control, 
there are a number of worker factors and job duties that are receiving 
a different amount of emphasis. 



First, the “ability to see the big picture.” This statement is frequently 
heard, but seldom defined. Yet it is particularly significant in the case ol 
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tool designers working in ibe numerical control area. Design of fixtures 
for unirersalily — so ibev can be used in the roaebining of similar parts 
in ibe future — ^is recciring more and rcorc attention. To do a competent 
job, the tool designer fre^jucnlH has to !cam more about the total scope 
of components manufactured by ?ais employer, and understand ibe tooling 
implications of changing trends in tbc mix of manufactured products. Bad 
guesses can be rcTv cxpcnsirc. 

Two- and tbrec-way **lumoTcr^ fixtures, that simplify secondaiy setups 
on a machine tool, arc b«ng seen more frequently on bed- and table-type 
machines, ifore demanding of the tool designer's analytical talents, they 
arc often the only way to fully utilize a roacbine''s ebipmaking potcniiaL 
More complex and expensive than one-way fixtures (and often less rigid), 
ibeir design requires meticulous attention to detail, and an enhanced 
knowledge of the dynamic processes of machining. 

Fixture analysis and design are occupying an increasing amount of the 
tool designer's worktime. The need for design of jigs, especially drill jigs, 
is being reduced in almost direct proportion to tbc extent numerical con- 
trol is adopted as a short-run manufacturing method: and need for design 
of custom cutting tools also is declining, with industry currently placing 
heavy emphasis on standardized tooling. 

For these reasons, and because of the introduction of more sophisticated 
business systems for manufacturing planning and cost control, many tool 
designers are becoming tool selectors. However, such selection involves 
comparative analysis of machining feasibility, and much closer coordi- 
nation and communication with manufacturing and design engineering 
personnel. Application of the tool designer’s total abilities is more, rather 
than less, frequent. 

Probably most tool designers have the education, training, experience 
and aptitudes to become competent part programers. A number of em- 
ployers surveyed in this study reported they found that a background 
in tool design — ^whether academic, acquired on the job. or both — appears 
to he the ideal one for part programing. So industrial trends toward 
tooling standardization and universality may have beneficial effects on 
persons currently employed in. or considering entry into, the field of tool 
design. 

A new promotional channel already has opened to jobs in part program- 
ing. Even if total industry demand for tool designers should decline, 
which seems doubtful, tool designers and workers in related fields of 
mechanical technology are naturals for selection as trainee part pro- 
gramers. Job opportunities in part programing almost certainly will 
continue to increase over the near term. The number of numerical control 
machines on order at the present time is large, and some machine tool 
manufacturers state that their plants arc working at full capacity to meet 
current orders. 

TOOK. PRESETTING 

Presetting is the selection and combination of tools, tool-holders and 
extensions (and frequently, coding rings or keys for aiitomatic-tool- 
changing machines), before the tools are to be used. It also involves 
setting the tooling to specified lengths and diameters, working from 
sketches and written or oral in.^! ructions. Total prc-'etting is not ne-w; 
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il has bee» a comroon shop pi3*.licft. particularly for lurrd-lype and 
aulomalic machines. Whal is difiiercjU ifilh numerical conlrol preselling 
is ihal il is more ofien done off ihc machine, and in many cases nol even 
in the machining area. 

\Phal has been a group of work tasks for setup men and machine selup* 
operators, has now emerged as a job. separate from jobs on the macliinc 
ffoor and from the traditional too! room jobs. Some employers- however, 
have merely shifted responsibility of tool prcseiling to personnel expei*- 
enced in operating tool grinders. In the high-precision sector of machin- 
ing industries, experienced machine shop inspectors also have been an 
important source of workers for tool preselling. This may be because 
they were already familiar with precision gaging, optical, and even 
optical-electronic measuring insiniracnis. Many tool presetting instru- 
ments arc merely retrofits, modifications of precision measuring instru- 
ments to adapt them to new applications. Thus the additional training 
for inspectors is minimized. 

The trend toward tool presetting is strong, although slowed somewhat 
because additional investment is required in tooling inventory. However, 
this cost is compensated for by an increase in manufacturing efficiencies, 
an increase that sometimes can be dramatic. Some employers arc even 
presetting tools for the simpler 2-axis numerical control machines, on 
which tape control of the third (spindle I axis is not possible- They have 
found this to be economically justifiable for some, if not all, of their 
operations. 

Preset tooling is implicit in the numerically controlled machining center 
concept of manufacturing. These machining centers — essentially, both 
general purpose and multiple-function machine tools — formerly were 
found primarily in aircraft, aerospace, and ordnance plants. It was here 
that their manufacturing efficiency was demonstrated, and they are now 
on order by manufacturers in many industries. As their proportion to 
conventional machines increases, the demand for personnel trained, or 
trainable, in the techniques of tool presetting can be expected to increase 
rapidly. 

PROGRAM, TOOLING, AND 
TAPE TESTING 

Dry runs are tryouts of unpro\'en tapes on the machine to detect errors 
before the first piece of a run is machined. These are becoming less com- 
mon as procedures and methods are introduced to detect errors before 
release of tape to the machine floor. On a dry run, the operator checks the 
performance of the machine — ^without a cutting tool in the spindle — 
against process sheet information and data from visual display indicators 
on the console, in order to detect gross errors. As an alternative to this 
air cutting, he uses a stylus in the spindle as a tracer, to prove out the 
tape on plastic or paper sheets. 

Both of these methods are expensive. The machine is cutting air instead 
cf metal, so the potential productivity of both worker and machine is 
reduced. 

There is another method of proving out the part program and its tooling 
and tape. It is used primarily in plants that use multi-axis numerical sys- 
-|4 terns to machine close-tolerance, complex workshapes. In these plants it 
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is often economically juslifiable to machine and then fully inspect a 
piece of rigid, expanded -foam plastic before starling on the first actual 
piece. This is because the ravr material cost for each piece — even quite 
small ones when exotic alloys or metals with hcat-rcsislancc are in- 
volved — may run from several hundred to many thousands of dollars. 

UOB EVALUATION AND THE NUMERICAL 
CONTROL MACHINE OPERATOR 

Workabic programs of formal job evaluation and wage administration in 
the area of numerical control operations have proved very difficult to set 
up. One reason has been the tendency of employers to develop job evalua- 
tion systems ba^ed on machine functions, rather than job requ:rcments. 

This is understandable because early steps usually are tentative, with ma- 
chines often acquired one or two at a time. Also, numerically controlled 
machine tools commonly are erected, at least initially, in general machin- 
ing areas, with the location often determined by the function and size of 
conventional machines they replace or augment. As a result, some funda- 
mental differences in job requirements tend to be overlooked or under- 
stated. 

Physical effort requirements changed markedly with numerical control. 

Machine positioning in at least two axes of movement becomes a tape 
rather than manual function. But setup and takedown are more frequent 
because of high machine productivity, and as manufacturing planning for 
numerical control becomes more experienced- the operator can find it 
increasingly difficult to stay ahead of the machine. 

Apparently the most difficult conventional job evaluation factor to apply 
to numerical control is that of responsibility. Many of the duties and 
tasks previously assigned to the operator of a conventional machine tool 
and his shop supervisor — have been transferred to the engineering de- 
partment. Details of operator duties, and their sequence, are specified for 
him on operator manuscripts. Other functions of conventional machine 
operators now are a series of coded machine instructions. They are on 
the tape. But where does the final responsibility lie? Is the operator to 
fae held accountable for workpiece quality, and will he be expected to 
notice machining problems, and either override feeds and speeds or 
notify his supervisor? Who is to be responsible for adequate tool life 
the operator, the foreman, or the engineering department? In all cases, 
the operator is expected to remain alert, and try to shut down the ma- 
chine in time to prevent major damage, when there is a control malfunc- 
tion or part programing error. But is he required to anticipate problems 
such as those arising from variations in raw workpiece size, and trim 
his controls to prevent machining difficulties? 

As yet, there are no absolute answers to many of the administrative 
difficulties presented by numerical control. Patching conventional job 
evaluation and wage systems to adjust to numerical control has not 
proved adequate, and an increasing number of employers are now setting 
up entirely separate classification structures and standards for numeri- 
cally controlled machine operating jobs. Numerical control already has 
considerably changed hiring standards. Just a few years sgo, no per- 
sonnel officer would have recommended selection of entry machine shop 
workers on the bask of factors such as good high school English grades 
and the new math. But the binary languages and the paperwork aspects J5 
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of numerically conlrollcd machine opcraihig jobs raw haie m^e jsucn 
selection factors fairly common. Numerical control is a new breed o» cat* 
and to a certain extent so are its operators. Man-machine relationships 
arc fundamentally changed. 

Numerical control also has forced changes in functional organization, 
as major users begin to view it as an entirely new laancfacturing system, 
and not just as strange looking, experi-rirc. and somewhat frightening 
pieces of hardware. Ju-<^1 as numerical machining has changed the catilail 
and inlcrrclationships of jobs in manufacturing, it may compel funda- 
mental improvement in design and operation of company wage system^ 
Questions — ^and major issues — arc being raised both by management ^ 
labor, and cuT-nt techniques of job evaluation and wage administration 
may not be good enough to provide the ansiivers. 

THE MACHINING CENTER 

These numerically controlled machines are very versatile. Often, they 
can do all machining from start to finish on a piece. Center drilling 
tapping, reaming, precision boring, counterboring and countersink- 
ing, and light (and sometimes even hea\y-duiy| milling all are pos- 
sible. For this reason the machining center — actually a new concept of 
manufacturing — ^has no single counterpart among conventional machine 
tools. Thus, many currently employed workers were selected as trainee 
machining center operators because they had experience as setup- 
operators of coni'entional radial drill presses. Normally, radial operators 
are exposed to a large variety of machining problems and frequently are 
accustomed to organizing their work for relatively short producUon runs. 
Other operators had extensive experience on conventional boring and 
milling machines. 

However, a trend appears to be emerging — that of hiring entry workeis 
and bringing them along on numerically controlled machines only, jwith 
well-experienced machine hands being transierred back to conventional 
machine tools. Frequently, the new operators’ first machines are light- 
duty, relatively low cost tape drilling machines. On these machines they 
can build up experience in drilling, tapping and boring practices, and 
learn basic concepts of machine setup, before being transferred to the 
more versatile machining centers. They also learn to read tape, the 
binary-coded-decimal, 8-clianneI tapes that are rapidly becoming standard 
for positioning (point-to-point) machines. Some employers state they now 
look for entry workers with the new mathematics training, because it 
reduces training time of learning control concepts and tape reading. Some 
employers, possibly an increasing number, place little emphasis^ on in- 
school shop training and relatively more on the academic curriculum. 
This, including mathematics through trigonometry, mechanical drawing, 
and English, regarded as evidence that the job applicant possesses 
adequate aptitudes for numerical-control machining, and as an indicator 
of adaptability to changing work requirements. 

There is another reason for emphasis on formal education when selecting 
operators. Part programing for positioning-control machines is a rapidly 
expanding occupation, and the worker with the more extensive academic 
background often is more likely to be promotable to a job as a part^ pro- 
gramer, once he gains a sufficient amount of practical machining 

16 experience. 




SHOP SUPERVISION 



Rclalh'ciy few cnjployerf: conlartcd during: ihi? sludy had isade major 
rhaB^tc? in ihe work rc5pon-«3!j33jlic^ of lht*5r mach3ne shop foremen. Most 
i)i iheir had had previous work experience as selup-operalors of 

• ..al mach3ne lools. and were already working as foremen when 

ifie first numrricaJly conlroned machines were inslailed in iheir machine 
areas. Thus they were abJe to gain a general orientation during installa- 
tion. debugging, and selling of shop standards for these machines. Rela- 
tively few of these men had actual experience; in the operation of a 
numeiically controlled machine, and even fewer had Irainrng or experi- 
ence in part programing. 

This situation has led to problems, however. These problems are espcr 
daily acute during ni^l-shifl operations. Higher level supervisory staff, 
espcdally those in professional occupations, traditionally work on the 
day shift even when their manufacturing plant operates on a two- or 
three-shift basis. But. '“Soaicbody her'* has to know part programing** is 
a common demand from the machine floor that is being met by manage- 
ment in scTcrai different ways. First, experienced part programers arc 
being induced to accept work assignments on night shifts. Second, some 
shop foremen are being provided with numerical control training includ- 
ing part programing for specific machine-and-conlrol systems, so they 
can assist in keeping machine downtime to a minimum. Third, selected 
numerical control operators are being trained in part programing and the 
techniques necessary to patch or salvage faulty tapes and part programs, 
and remedy unexpected diSculties. These workers are expected to de- 
velop potential for promotion into two areas where experienced workers 
currently arc in critically short supply; numerical control shop super- 
vision, and part programing. And if the trend toward numerical control 
continues as rapidly as at present, they may well become the key men of 
tomorrow’s short-run manufacturing. 



COMRARiSON OF REQUIREMENTS 
BETWEEN NUMERICAL CONTROL AND 
CONVENTIONAL MACHINE OPERATIONS 

With the introduction of numerical control — as with any new technology 

there was a considerable lag before staffing requirements were fully 

appreciated. When the earliest machines were installed, it was a common 
practice to assign their operation to the best men, often Journeymen ma- 
chinists with many years of experience. One reason for this was machine 
Justification. The first machines to be delivered were of the expensive and 
sophisticated contour-path milling type: it was felt only expert machinists 
with extensive experience on tracer-type machines could master their 
operation. This did not prove to be the case. 

Few employers now assign fully qualified machinists to numerical con- 
trol. Instead, much the same education, training and experience factors 
now are being applied as have been found useful to select setup opera- 
tors of conventional machines in a Job-shop environment There are some 
differences, however. 

Training: 

Employers surveyed during this study tended to put considerable em- 



phasis on formal, academir iraining when s«3ecling opcralors for 
numeriol ronlrol. This L' partly becanse of ifce paperwork aspeds of 
ihesc Joh-s. Reading of opeialions mannsciipls is an almost unircrsal 
requiremcnl. Another reason, fregncnily giren. is that rcrba! ability is 
essential lo prevent a commanication gap. Operators should be able to 
recommend changes and improvements to the part programming depart- 
ment- based on their practical knowledge of machining. They inurt also 
be able to describe operating difficulties to maintenance personnel to 
keep cxpensir'e machine downtime to a minimum. 

Less emphasis appears to be placed on specific vocational training when 
hiring numerical control operator trainees. Undoubtedly, a light job 
market is a factor. However, a considerable number of employers said 
they would rather hire an entry worker with extensive hi^ school 
mechanical drawing and mathematics background, no mailer how much 
school shop-training he has had. 



Exp«rt«nc»: 

Experience in the operation of conveniional machine tools is no longer 
an absolute requircmcnl. Incrcasindy. employers are assigning cnlry 
workers directly to numerically controlled mactiines. The line of pro- 
gression is much the same as on conventional machines. Workers usually 
are first assigned to relatively simple. li^l-duty machines such as a 
single-spindle drill press. They then progress lo larger, more complex 
machines. After two or more years, specialization in operation of milling- 
boring or taming machines is a common practice. The total of training 
time and experience to achieve average performance as an operator of 
a numerically controlled machine is commonly regarded as about one- 
half of that needed to operate a conventional machine tool. This is be- 
cause of the many things that arc on the tape or specified in detail on 
operations sheets, such as feedrates and speeds, that were and arc re- 
sponsibilities of the operator of conventional machines. For average 
performance as operator of a multi-purpose numerically controlled ma- 
chine — the machining center that has no traditional counterpart and for 
which manufacturing planning is exhaustively detailed — one to two 
years fre-iuentiy is regarded as sufficient. Howei'er. for the largest, most 
complex machines of this type, some employers insist on four or more 
years of shop experience becau-^c of high machine-and-control, tooling, 
and workpiece costs. 

Apfifuditts: 

Verbal ability is required to comprehend operator manuscripts as well 
as the traditional paperwork packet fjob and time tickets, etc.) accom- 
panying each job order. An operator must possess the ability to describe 
events preceding a non-programed machine stop or machining error, 
to assist maintenance personnel in local'zing and isolating mechanical- 
hydraulic and electrical-electronic malfunctions. He must be capable of 
de-'cribing errors in part programing and tape preparation to his super- 
visor- An operator should also be able to suggest modification of current, 
or changes in future tapes and thus improve feedback from the machine 
floor to the part programing deparlment. 

Numerical ability is required at the level of decimal addition and sub- 
traction to interpret numerical displays, monitor machine performance- 
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ard pcrfonn scjalch-psd arilbiselic cakaklions to insp«± workpit^ 
Abjliiv to Icsun eoa-<2ccinja! aiilbiceiic is cecessanr’ to acquire 
in idcntiivis^ b3nar*'-ciodcd-dccji»*? snacJiinf commands on pnc, 
paptT tapk. and rrad binary display li^ of conlroU if so eqmpp^ 
This abiKiy also is dedrablc to compreiieajd operaling chaiacienslics 
of electronic conirois. Some employers regard s 3 :ccessfal prions com- 
pletion of conrses in ibe new math as a signifcanl predictor of scccessiul 
performance as a cnmerical control maebine operator. 

Spatial perception apparently is less essential for numerical control, 
with lavoul eliminated and other prersous operator functions on I e tape 
or spekihed on operator manuscripts. However, workc'^s still must be 
able to visualize location or oricnlatson of each workpiece, and its rda- 
lion to Siluring and to cutting tools, sketches and drawings that 
acoojiJp3ny his wrillcn inirJTOcliojif- 

Clerical perception is needed to avoid perceptual errors in identification 
of alphaheiie, numeric, and special symbols on operations nunuscripls, 
and of visual »nachine-pcrfonnancc displays on the console. Operalioi^ 
manuscripts arc not unique to numerical control, hut are alrno^ uni- 
versally used in numerical machining. These manuscripts make clencal 
perception more important, because they detail, in writing the nature 
and sequence of an operator's woik tasks for each machining run. 

Motor coordination and finger and manual dexterity are required to u^ 
inspection devices and handlools. adjufl machine controls and mamtain 
an adequate workpacc during setup and lakcdo^m in order to hold «- 
pensive downtime of relatively new and potentially highly producUve 
numerical control systems to a minimum. Replacement of iramtional 
machine tool controls, such as handwheels and levers, by thumbwheel 
dials, decade switches and other dccirical devices affects the relation- 
ship of the numerical control operator with the machining process, but 
docs not eliminate the need for motor coordination, finger, and manual 
dexlerilv- 



Numerical control machine operators should have preference for ^corK 
ing with machines and processes, to set up and monilor the perfonnance 
of the machine tool and control system. 

Operators should also have an interest in activities of a concrete^ and 
organized nature to perform work tasks in aceordance vith establishe 
procedures. The details and sequence of work tasks arc outlined on 
operations sheets. In most cases, operations sheets describe exactly what 
tooling and fixluring to use. and how to I.>cate and aline each work- 
piece. Machining feedrates and speeds frequently are specified in cases 
where they are not on the lape. 

* Except in the relatively few installations where the operator has to restart 
the tape “from the lop”, or a menualiy marked restart point after non- 
programed stops, or has to get assistance from a supervisor. These practices 
make it unnecessary for operators to “read the tape but only at the expense 
of considerable loss of productivity. 
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T«mp«r2mn«nfs: 

The operaiur of a niamcrically conirollcd machine loo! nmsl use J2:dg- 
menl based on Irainin^ and expexsence 1^ Ifim his conirols in order to 
cx^mpensale for tariaiions in vorkpieoe hardness and size. He must ma^e 
rapid — and rorred — de^ensions in case of marhinc or coniroi malfnndion. 
Tlae opcialor mnsi also be alert for part programing errors, and ;nspecl 
each machining cni vhh a micromcler. gage, or scale, vhen prodndng 
the first piece of a job mn involving the nse of a ncv. amproven control 
tape. 

Physical DamaneJss 

Strength is less important viih numerical control than for operation of 
convcnlionaJ machines. This is partly because of environmental planning 
to make most efficient use of new. expensive numerically ccntrclled ma- 
chines. rather than because of inlrinric differences between numerically 
controlled and convenlianal machine tools. However, differences in 
strength requirements among ihc various numerical control jobs prob- 
ably will always exist because of the range of machine capacity and 
workpiece size. 

There are however, several general statements lhat can be made about 
operator requirements, even though they may not apply to every plant 
lhat uses numerically conlroHcd machines. Walking is reduced because 
more materials are brought to the operator — to increase his chipmaking 
time. Consequent lifting, carrying, pushing and pulling are reducea for 
the machining of each piece, again partly because of management 
planning. However, because of the increase of machine productivity, 
there often is more of all of these during a echoic work shitL Use of 
power cranes and hoists is the usual practice, to reduce physical effort 
during macliinc setups. With numerical control, indexing tables under 
tape control, palletized setup and shuttle systems for automatic fixture 
and workpiece transfer arc !>ccoming much more commonplace: all of 
these tend to reduce the physical effort required by operators. 

The need to make precise, coordinated ^ont^o! moiremcnls wsth anns, 
hands and fingers during machining opeialion is less frequent, bwause 
traditional controls such as handwheels are being reduced and even 
eliminated on numerically controlled machines. iTo a lesser extent this 
is true even on conventional machine tools. 1 

Climbing and stooping and crouching are less significant physical de- 
mand factors. Table height is a tapenronl rolled function on some ma- 
chines: thus the part programer can take setup convenience of the 
operator into account. .Also, layout planning that precedes numerical 
control machine installation tends to reduce physical demands for oper- 
ators as well as provide optimum conditions for the numerical control 
system. 

Inspection, that can involve many awkward movements on the part of an 
operator just to get to the portion of a part to be inspected. Ls changed 
both in amcunl and nature. Reaching, handling, and fingering movements 
related to inspection by operators are reduced. Less inspection is re- 
quired because of inherent machine accuracy and reliahilily. Also, the 
operator of a machine can observe position displays and program 
sequence number lights, and compare them to data on his operations 




to reiifv tnacLicc pcrfortaance. Tfcjs k a s^alsFlilale for frcq^-cnl 
CSC of inside, onlside. and deplh mirroinelcrs. and raiions types of 
gages used to check each tnelal-rtilling slep Khcn using new. unproven 
machine conlrol tapes and when spot checking snhseqnecl pails. 

The single mosl signiEcanl factor alTecling phv«ca! demands is that 
many former opeialor functions now are on the tape. Two or more iwes 
of cutting too3-woikpiece movement arc programed for numerical 
control Thus- operator involvement with handwheels and Iwp typical 
of conventional machines has been reduced, and even eliminated on 
some machines. Many other functions, such as conlrol of lubricant 
fcoolantl fiow. also can lie inco/poialcd into the riumciical conlrol 
system. .Also, assuming that planning for tape preparation was ad^ual^ 
there is less chance for an operator to produce a faulty part than in 
conventional machining operations. Extensive care is bang taken to 
prevent tape errors by incorpoialing extensive cheeJ^ ^d controls mlo 
part programing and tape-preparing procedures. This is ihc c:^ both 
where manual {including tape-producing data typcririlcrl methods o 
tape preparation are used, and where computer-oriented ^stcn» are 
appliei Thus panic button stops, and need for modification of pre- 
deleimincd machine movements, feedrates and speeds by machine op- 
erators. arc becoming less freguenL .Al! of these further tend to lessen 
the physical mvolvemenl of operators with the machining process. 

Talking bcccmes more si^ificanl — ihou^ not necessarily more frequent 
—as a physical land mental I requirement.’ Operators must be able to 
describe events preceding machine errors and non-progiamcd stopage^ 
Operators also should be able to explain why. in thdr opinion, such 
errors or slops occurred. 

Hearing is helpful- though not critical, for numerical conlrol as well as 
conventional machine operating. An operator alert to tool falter and 
squeal can take remedial action to prevent loo! breakage and workpiece 
damage. Hearing is also significant in learning the job, and in ^ving 
and receiving instructions at any later lime. 

Seeing requirements arc relatively unchanged. Frequently, normal-range 
and near acuity are neecs-cary: to read operations sheets or process 
manuscripts: interpret drawings and skelche«: identify surface finish 
qualilv; use and read inspection doices: read tape: and set swi!che.s 
and dials, and monitor lights and visual numerical displays on control 
panels and consoles. 

The need for far visual acuity when operating very large machines is 
being reduced by use of centralized control panels, periscope-type re- 
mote viewers, and closed-circuit lelevLrion system.®. 

Visual accommodation— the ability to adjust the len.s of the eye to bnng 
objects at varying distances into sharp foru.s- appears to be more im- 

* Talking and hearing arc examples of physical demands «n be ren- 
dered less important or unnecessary by “job engineering. Modification o 
convenlicnsi communication methods, as by scratch pad use to give and 
receive information, has long permitted use of totally deaf persons yn 
or without speech, as machine tool operators. However, such rccngiaccnng 
is most suitablv applied when adjusting the requirements of a single posi- 
tion to the abifitics and limitations of one individual. It docs not nccc^nly 
allect the worker requirements for the fbroader-scopci job within the or- 
ganzzation. 



poxlaul for noicffrical coslrol than ronrcjlional nischine opcialinj. Part 
of ifce reason is the physical difference of the ruincrically oonlrolled 
irachine. It has addilional conlrols and displays col found on ils con- 
venlional connlcrpart. These oflen are inslalled in a cahincl lhal is 
separate from ihc machine. Therefore, there is a less lanjSblc, less direct 
rdalionship of operator to ■srorkpicce. T1:c operator shifts his attention 
frequently, and sometimes rapidly, from the workpiece ^cutting tool 
interface to visual displays of actual machine performance on a console 
or control panel. .Another reason for accommodation is that virtually 
all operators perform other secondary operations, such as manual de- 
hurring and inspection of prewously-machincd workpieces while Shdr 
machine runs on the tape. Even where an operator has responahiljty for 
only one machine, it is becoming common practice for him to organize 
as much of the next job as possible while tape-controlled machining is 
taking place, in order to hold change-over time to the minimum. Ac- 
commodation is especially nwessary for the workers who operate more 
than one machine tool; they hare to monitor the performance of a 
machine that is operating under full tape control, while sel»ing up and 
operating anollrer conventional or numerically controlled machine. 

WorKing Conditions: 

Afosl employers acquire initial experience in numerical control by re- 
placing conventional with numerically controlled machines on a one-for- 
OI.C basis. Or, one numerically controlled machine — a tape drill press. 
for example — may replace several conventional machine fools. In either 
case, the environmental conditions for the operator arc approximately 
the same as before. 

As employers acquire more numerically controlled machines, and gain 
extensive experience in their use, many of them prefer to establish a 
separate numerical control machining department. There are several 
reasons for this, including improved management control of machining 
operations. Bat a major reason many employers give is that they realize 
this is the only way to lake full advantage of the inherent accuracy and 
repeatability of numerical control machining. Its potential often is com- 
promised when there has to be a mix of numerical control and conven- 
tional machines in the tool room, or on the production floor. In manufac- 
turing establishments that have taken the step of setting up one or 
several numerical control machining departments, the operators’ environ- 
mental conditions usually are significantly improved. Manufacturing 
planning precedes such a conversion, and this includes both analysis 
of numerical control machine capahiiilies and definition of the organiza- 
tion’s present and anticipated manufacturing requirements. Thus, it is 
no longer possible for a numerically controlled machine to be placed 
between a drop hammer and an annealing furnace, or in an otherwise 
unsuitable location. Cleaner, less dusty working conditions are usual. 
Machines are located where large fluctuations in temperature are unlikely. 
Vibration, induced by other machine tools and material-handling equip- 
ment. comes under intensive scrutiny. The physical plant and equipment 
also tend to be newer. 

In some cases, “white room.” laboratory-type environments are specified 
for numerically controlled machines. Here, the working conditions are 
close to ideal. Dust filtration, and temperature and humidity control are 
22 the rule rather than exception, in order to achieve extremely precise 
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macHning accaiacies. ?iini!ar cavironmcnlal cocdilions «U5l m remoje- 
conlrol nunjci-kal conlrol in^lalialions- These involve opciajor eonlrol by 
closed circuit icleiision. from a console removed from the machining 
area. These inslallalions are rare, thus far. They provide the only feaa- 
ble means of machining such things as solid-fuel roihel propdlanl^ 
and radioactive maleriaR In the latter ca.^ particularly, machming is 
performed under carefully prescribed conditions. 

The hazards of operating numerically controlled^ machines are relative!} 
unchanged from those of the coni'cntional machines. 

There is always the possibility of eye injur, and minor cuts and bui^ 
from flving chips while metal-cutting is taking place. But the 
in- time of numerically controlled machining may range from *0 to tu 
percent or more: on conventional machine tools used in s ort run ma 
chining, the actual productive time is usually 20 to 40 or oO percent, 
and can be even less than this. Thus, the amount of workume the opera- 
tor is exposed to machine-caused minor injuries is potentially much 
greater. This is especially so when he L- operating two or more machm^ 
a act infr«penl orra.Tcn« .i* mmencal 
Howcicr. the operator is less directly, and less closely, rclal^ 
machming process, and this tends to he a compensating factor. W«h 
numerical control, he does not often have to obsene machining 
at close range to make compensating adju.<lmenls— at least, once the 

tape has been proven. 

ifajor injuries arc always oossible in the machine shop, but i^y be 
reduced bv numerical control. Management planning whiA p^«^c^ in- 
stallation of major items like nurocricallv controlled machines ten^ o 
assure adequate environmental conditions for the operator as well as 
the machine and control system. This planning aiso includes as^nng 
adequate tooling and fixturing: thus, the need for operator iroprovisali^ 
-sometimes dangerous-is reduced. .Abo. part programing m oh^ 
much mom detailed production planning than ,s cuslomaiy’ m 
machining. The preplanning and specification of f / 

machine feeds and .speeds tend to reduc^ «-«rk«Tarc 

too! breakage, particularly when relatively inexperienced workers arc 

used as machine operators. 

Wearing of reinforced-toe shoes and safely glas.ses has b^me a standard 
praclic^ and tends to reduce the frequency and seventy ot 
workers in numerical control as well as conventional machine op ra i „ 

jobs. 

electronics maintenance 

FOR NUMERICAL CONTROL 

The trend toward solid-state components, as exemplified by the trai^istoi^, 
is currently having an effect on workers in th'is occupational It jn 1 

alco have an effect on future work force entrants. Employers state that, 
as compared to repairmen of vacuum-tube type numerical control s>^ 
terns -he solid-state control systems repair technicians need to tia%e 
more knowledge of electronic theory. They also have to use 
test equipment, such as dual-trace, laboratoiy quality o-"cilIoscop^. 
Another requirement is more reference to technical manuals and 
ability to interpret graphic and tabular materials such as wav 
descriptors and voltmeter value charts. 
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Soirc raamjfaclurcr^ arc making a ronrerle^ cffoil lo simplify the senicc- 
ina problem I defining ihe problem. Inen loralizing il. and finally locating 
and then repairing or replacing faulty module? and components i- One 
approach is by supplying diagnostic >yslein*lesi and Iroublc-localizalion 
lest tape?- along icith handbooks dcsciiliing their use. Also, circitilry 
novr is being desired with repairing and serracing in mind. Plug-ins 
for test jacks are being located «n a single plane on the console. Trouble 
indicator lights urired into control system lest rirciailry also tend to 
speed up as urell as simplify his work. 

Electronics modularization and miniaturization arc haring important 
eSecls on the numerical control maintenance funrfion. Because of 
modularization, a module can he pulled and immediately replaced by 
another from ini'enlory. Tl.e operator can gel liack to chipmaking while 
the repairman pinpoints trouble in the module al a more convenient 
place, and in a physically more comfortable manner. He docs il al his 
own workbench — ivhcrc he may now have on hand a sel of newly 
marketed, plug-in type testers for semi-standardization modules. Or he 
may jusl mail the prinlcd-circnil boards back to the manufaclurer for 
repair and replacement. The result of miniaturizalion is the further 
lessening of phjsical ^vork requirements of the job. Bui more emphasis 
is placed on analytical ability, because the companion of miniaturizalion 
is combination of functions, multi-purpose modularity, tlial makes 
troubleshooting more dilficull. and repair perhaps impossible, or an- 
cconoinic in some cases, even with specialized equipment for component 
isolation testing and module repair. 






THE 

OCCUPATIONAL 

DESCRIPTIONS 




The OfX’upalions dcfcrihed in this booklet arc those most directlr C4jn- 
ccmcd vrilh numerically controlled meial-culting machining. Since, hovr- 
crer. occupations are still fluid, hiring requirements and qualifications 
for employment have not yet been fully standardized, and a certain 
amount of overlap will be noted among the occupational descriptions. 
Nevertheless, the occupational data assembled from many diflerent 
sojices, are a reflection of the existing situation. They must be regarded 
as composites of jobs, and cannot be expected to coincide exactly with 
any job in a specific organization. It will be necessary, therefore, to 
adapt descriptions to fit individual jobs before they can be used with 
complete accuracy. For this reason it is also important that the user 
of this material be familiar with the purpose ; nd meaning of the various 
sections included in this brochure, and the several parts of the individual 
occupational descriptions. 

For a full understanding of the descriptions and their relationships, 
both among themselves and with changes that have taken place and are 
likely to continue, it is necessary that the reader take into consideration 
some of the sections of the preceding narrative information. These are 
sections such as “Shop Supervision*’ and “Gjmparison of Requirements 
between Numerical Control and Conventional Machine Operations.” 
This information Lc included there partly to avoid repetition among the 
descriptions themselves. 

The job descriptions are arranged in alphabetical order by titles. The 
wording of the title that appears at the head of each description is a 
reflection of common usage. Other titles, or alternate titles, by which 
the same job is known also appear at the head of each description in 
small type. Between the main and alternate titles appears the occupa- 
tional code which identifies the job within the classification structure of 
the third edition of the Diclionary of Occupational Titles: 

Tire narrative portion of each job description is arranged as follows: 



OCCUPATIONAL DEFINITION 

A brief description of the duties involved in a particular occupation. It 
provides an understanding of the tasks that are performed, and the skills 
and knowledges necessary for the performanr.e of those tasks. 



EDUCATION, TRAINING, AND EXPERIENCE 

An indication of the education and the level of training and experience 
usually required by management for employment in the occupation. As 
previously mentioned, considerable variation exists among employers 
as to required education, training, and experience. However, an attempt 
was made to indicate the complete range of such hiring requirements. 



TRAITS 



Provides some estimate of the worker trait requirements of the occupa- 
tion. It has long been believed that the ability of an individual to adjust 
to a specific type of work situation is as significant as the education and 
training qualifications he brings to the occupation. 0)nsequently, judg- 
ments have been made in terms of a number of components consisting 
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of aptitudes, inlcrcsis, terapcramcni5, physical aciivilies and environ- 
mental conditions to vrhich indii'idual workers have :o adjust. A listing 
and definition of each factor for the varioiis components is contained in 
the Worker Traits section, beginning on page 68. 

Aptitudes: 

These are the specific capacities or abilities required of an indi- 
vidual in order to learn or perform some task. This component is 
made up of 11 specific aptitude factors. They include the nine 
factors contained in the General Aptitude Test Battery developed 
by the GATB. Those aptitudes were selected which seemed signifi- 
cant in the occupation and are identified in terms of specific work 
situations. The factor of intelligence, however, was not rated be- 
cause of the difficulty in writing meaningful descriptii'e statements 
for this relationship. 

lnf«rMts: 

This component is defined as a preference for a particular type of 
work experience. It consists of five pairs of bipolar factors, ar- 
ranged so that a preference for one factor in a pair generally indi- 
cates a lack of interests in the other factor in the pair. Tho^ 
factors were selected which seemed to be significant to the job in 
question, and are identified in terms of specific situations. 

T*mp*r3m*nfs: 

The temperaments component consists of 12 factors that reflect 
different work situations. Each work situation describes a type of 
activity that demands a different adjustment on the part of indi- 
vidual workers. Those temperament factors were selected that ap- 
peared to be significant in the occupation, and are identified in 
terms of specific duties. 

Physics! Dsmsncls sncl 
Worhins Conditions; 

These reflect working conditions which make specific demands 
upon a worker’s physical capacities. There are six physical activ- 
ities factors and seven environmental conditions factors. Those 
factors were selected that were significant in the occupation in the 
sense that they met established criteria for successful performance. 
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FUNCTIONAi. ORGANIZATSON CHART- 
NUMERICAI. CONTROL INSTALLATION 

CManufacturing ManagamanO 

k 















BORING-MILL OPERATOR, 
NUMERICAL CONTROL 

609.280 

I)c*rin" !>ar ojKralor, mimriical cionlFo!: }»onn" machine operalor, numerical 
ronlrol: horizonlal borin;: mill oj>craior. numerical conlrol: tape bar opeiaicr, 
numerical conlrol 

OCCUPATIONAL DEFINITION 

5cl5 lip and operalcf= horizonlal-^pindlc boring machine tcilh tico or more 
axc< under preprogramed numerical conlrol to bore, drill and mill metal 
work-piece? by applying knowledge of machining practices and metal- 
working procedures: Reads process sheets and studies blueprints and 
sketches to organize materials for each run and interpret setup and 
operating requirements. Signals crane operator, or operates jib crane 
and hoist, to locate and aline fixtures and parts. Levels workpiece with 
>11501*=. and tightens in place with wrenches. Loads toolholder in spindle, 
and inserts edge finder (wigglcrl or dial indicator in Icolholder. De- 
presses switches to jog edge Hnder or indicator into contact with 
specii. point on workpiece, and turns indicator dials on control panel, 
to establish tool-and-workpiere relationship. Retracts spindle to remove 
setup gage and load first cutting tool. Sets conventional micrometer-type 
dials, cams, and stops as indicated on process sheets, if machine spindle 
axis is not tape-controlled. Places tape reel or loop in control cabinet and 
threads starting point of tape through read-head. Depresses switches to 
select mode of operation, advance tape, and initiate machining operation.s. 
Gimpares numerical displays of machining progress on control panel with 
data on process sheets to verify machine operation.s. Removes tooling, 
and installs next specified tool at end of machining cycle, or when wom. 
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^<3 reriaits 0<rc3«:o23^3v mcrBiainj: cccarzcy fcr using 

s^raifs. S 2 |;c?i rn-d ir;!-.T<!>s:cle^ !m r-.»r3panr vi^rkfcisne specifcalioES wilh 
ifc-osc isdi^:cied *»n process slwis ^r-d L!u<rpriEis. Trims dimensioiial 
noElrol sKjlri'fs <<r »E*-1alI;i crdcrsizc cslling lool vben prelirDmary cut 
is E«r«!S5arv io prfT«ii j*oL »fMrkp:cce and madime damage- Rcadjusls 
cern’r^Js c»r remove' and replaces rrllCT wilh size originallv specified- ard 
baeJK up lape and restarts m-chmc al poinl of d«ialioa from lape. 
Orexridcs and keej^s renr*rd of deriaiii-n from programed fe^iales and 
speeds irbeii roaebiaiag probirms arc enroanlcred. or sfials down ma- 
cbme. explains problem and reqresis orenide aialfcoiizalion from saper- 
rifor. Readjnsls looling in snarbinc or in bench lool selling gages* before 
inilialing cIose-Jo3erance finisbing mis. 

Galbrrs and assembles iools. hoJders, and exloisions for nexi job 
during lapr-coniro33eu marbinir.g m'cJes, and presets radia! and lonp- 
ludinal dimensions of looHng on bmeh gage as specified on tool layup 
skdebes and process sneej inslrudiens, lo reduce idJe lime of machine. 
Sds up next part on raaebise during aulomalic-macbining cycles vfhen 
laacbnc is equipped wilb iwin lables or paHel-acd-sbulllc transfer 
srslcm- or off machine when bench meuniing of workpieces to slandard- 
ized fixturing is specified in process shed for next job and part and 
fixtures arc to be loaded on machine as a single anil. Nolifies super- 
visory or part programing personnel o! unanlicipaied machining diffi- 
cullies and their causes, and of any dc^ialions that were necessary from 
the part pre^am and tape as supplied in the job packet. Occasionally 
operales machine in dial-in or manual mode, when dimenaonal dala on 
tape is inadequate for milling because of cxccss-malcrial problems, or if 
tape has not been made or addilional opcralisns are specified on the 
process sheds that are not on the standard-part tape. Operate* machine 
tool exciusircly as horing-and-drilJing roachincL if control syslcm is not 
capable of milling, or if management has prohibited use os madiine on 
milling in order to minimize spindle wear and rdain high machine 
accuracies. 

May improvise fixturing from standard locating clamps and blocks, or 
from adjustable vises and chuclis* by applying knowledge of roachinins 
practice*:- and studying process sheds and part skdeh or blueprint to 
insure tooling clearances. Afay operate machine on dry runs, with ma- 
chine unloaded or with stylus in machine spindle, to ddect gro.ss errors 
on unproven tapes, ^fay sd up and operate machine equipped with two 
or more spindles which permit simultaneous machining of identical 
workpieces. May machine non-mda!Iic workpieces. 

EPUCATION, TRAINING, AND EXPERIENCE 

High school or vocational school graduation increasingly required of 
entry worke»s. with courses in machine shop, mechanical drafting or 
blue-print reading, and shop mathematics. Two to two and one-half years 
of background experience as setup-operator of machine tools on short- 
run work Ls regarded by many employers as sufficient if it has been 
oriented toward drilling, boring, and milling rather than metal turning. 
Other employers prefer to assign journeymen or those of equivalent 
experience, to some extent because of the high initial cost of large 
capacity heavy-duty machines. 

However, production runs usually are very short. This is especially the 
30 case on two-axis machines: these frequently are selected for one-of-a- 
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kird- srd Eislrhisg-pail css.diinis?. la isosi pbals. opexalois of au- 
r«rfasr«f32td boiizwr*a3s aw re»juir<J !o iaad:ine a lai^c «ritly 
of raaltrials:, \^’c*rkjcew< also raajr from <ioaiples caslinjs aad vdd- 
lacals, lo plale 533;dwkfcrs.“ Thas Iccw is coasidtaablc jiii4if:ca- 

*ion for assi^inj: only wdl-espfuicaccd opezalors So liiesr nsacSiires. 
Hox’cvtt’, a roaliaualioa of prcscal lr«;d,. leaard scpaialiag ibs Jool 
pwscaiag rcsj/onsibiKly froaa s!ie cptralor. and toward imposing higner 
rjualily conliol sSazdaids oa raw woitp:<Ka^. may sagaifcanily reduce 
espenerre reqairatscais in the n«asr falur<L 

From two to four saonibs typically is required fcefow tbc worker acliieres 
adequate preSciency oa one make aad type of aunierically conirollcd 
horiaoniaj hoihig. njarbiae and cosiroi svilem after siaiiiag as an undcr- 
slndy lo aa espeiieaced sciup<q>eraler- Tfais aime can bt reduced about 
onc-ljalf. if he has had previous operating eipcricncc on another type of 
nurocncaliy coatroilcd machine, or has taken numerical control orien- 
tation courses. 

WORKER TRAITS 
Apfltud^s: 

Verbal ability to intciprei data displays on control pands aad 
read wTiiien setup and operating insiruciions: and So describe 
machining difficulties, and cvciils leading to ma«*hine malfunctsons 
and hreakdowns. 

Numerical abihly ai level < i decimal compulations So verify ma- 
chine performance against process sheet data, and use gages and 
micrometers. Binary arithmetic Hsually required, to read tape to 
sdecl nearest restart point after shutdowns: however, this can be 
learned on the job and many operators keep the appropriate tape- 
interpretation chart in their work area. Mathematical requirements 
through trigonometry occasionally imj>osed: however, this is 
usually done only where extensive non-tape machining is expected, 
or if m<ahod and process engineering and inspection procedures 
have not Ireen modified to take full advantage of the new machine s 
polenfiaa. 

Spatial ability to interpret drawings and sketches of complex 
parts, on which multiple machining operations usually are re- 
quired. 

Clerical perception to perceive pertinent detail in written setup 
and operating instmclions. and recognize a1phal>clic. numeric. 
and special symbols. 

Motor coordination and manual dexterity to precLcely aline and 
secure workpieces and fixiuring. adjust tooling, and make rapid 
C 03 TCclr»e adjustments of control switches in response to visual 
indications of melalcuffing malfunctions. 

Interests: 

An interest in working with machines, processes, and techniques 
tc set up. operate, and monitor fape-conlrcHed performance of a 
machine tool. 

A preference for activities of a concrete and organized- nature to 
set up and operate machine according to specific, detailed, and 
sequential instructions. 
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zdjBfl lo a variflr of regiiinn* frrqzral chan^^ lo 

ssi'nilor anariinc I»ol durinj aiiloroslir rrc2c5 'whslc 
s^snOGdary op«al5on? lhal hoM dwirciin:** lo a njiaimcta. 

Murf zdyifi tc deriding whal immcdiale corrertire aclion lo lake 
in rases of machine conlrol maifnncaion. fan!ly part programing 
or Kozkpicre rarialion lhal prerindes use of a rtandard-part lape. 



Pfiysical Damands and 
WorKing Conditions: 

Work i' medium, inroliing infre^ren! ^looping ©r bending, and 
©crasional climbing of slcps or short ladder daring setup and 
moniloring of machining processes. I'ses jib crane or hoisl. or 
ohiains help from oihers. sn loading and posilic*niag of heavy 
looling. Manual lifting and handling of ohjecls such as large 
handlools and looling usually is reslricled lo about 25 povnds. 
Physical requirements for worker tasks such as reaching and 
handling sub.«equcr« lo sdups »vpicaiiy are reduced, when na- 
merically controlled machines are compared lo conventional 
machine tools, because of rcduclion or elimination of involvemeni 
with handwheels and lexers, and more frequent centralization of 
control panels and work station, with use of periscope-lype remote 
viewers and even closed-circuil lelcvision monitors. 

Nc 2 a' visual acuity and accommodation lo follotc process sheets, 
dircclly monitor machine performance, and obserr- optical data 
displays. 

Woik is performed inside. 

COORDINATOR FOR 
NUMERICAL CONTROL 

012.168 

numerical control machining coordinator; numerical control coordinator 

OCCUPATiONAi, DEFINiTlON 

Coordinates equipment acquisition, production planning, part pro- 
gr^tming, tooling, pxoduciion and maintenance activitic.; of personnel 
associated with numerically controlled machine tools, by applying knowl- 
edge of manufacturing engineering, machine shop methods, and training 
in numerical control applications; Confers with desi^ and drafting 
personnel to acquaint them with requirements, develop standards and 
procedures, and resolve questions of design intent and manufacturing 
feasibility. Reviews recommendation? of methods engineering personnel, 
or analyzes blueprints and specifications of %\*orkpiec©s to recommend 
selection of tho.<^ most suitable for numerically controlled machining. 
Trains, or directs training of part programing and machine operating 
personnel. Advises tooling personnel in techniques of fixture and tool- 
ing design and selection, to develop and apply tooling of minimum cost 
and maximum universality. Analyzes equipment and nature of employer’s 
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prodcrt mix. to rrns sr«-.rirul ac^juia- 

isenc. jiiocificalion, aud rep5a<:r=:«:l<: lo manas«nrn!. ii**d a?<3?i man- 
agciEcal in fon^-ran^r planning -wr curocnral nonlrr^l uljlisaik-a- Dc- 
relops or rcvicK? «rillaa r<«Tords ol jisrt pro^iianiing. epciafji*^' aad 
tnainlczrancp. lo deSve rorapany <^arsdard< and pa3:fip?. iiaprorc sched- 
uling and corf conlrol. and erfablifh pncvcnlivc jsainlcnancc program 
lhal makes morf prodnrtirc use of woihers, maT-hines and conirols. 

Recommends assignmcnl and promoJson of personnel, and adiises man- 
agement on oulrfde training of morf «a!ue lo personnel. May solicit sale 
of engineering and part programing serriccs. and of open numerical 
control .time to outside firms in order lo load machines fully. May super- 
rise past programing, or process enpneering ar-d part programing de- 
partments. May assist management in setting wage and salaiy standards, 
and in reselling labor disputes. 

EDUCATION, TRAIPSING, AND EXPERIENCE 

Two to four years of formal post high school training in engineering or 
industrial management, or cquiialcnl experience, is a typical minimum 
requirement. Many workers in this area, howerer. have had many years 
of experience in practical machining methods fas machinists, then to?l 
designers or method and process enpneersi and more limited academic 
education: they have supplemented ihL< experience with extensive self- 
study zjid correspondence work. Part programing experience of one lo 
two years — or more — is another common requirement, depending on 
distribution of Job duties, complexity of the employer's manufactured 
product mit:. and on sophistication of equipment in use. Five or more 
years of diversified background in manufacturing engineering is re- 
garded as especially dcsirahlc. because problems lhal arise in the nonnal 
course of work are varied, as arc the means of effecting their solution. 

WORKER TRAITS 
Apfifud«s: 

Verbal ability to translale engineering and shop nomenclature into 
terms understandable lo nontechnicians., to read technical papers 
and manuals to keep up with rapid changes in machining, and to 
organize and present ora! and written reports. 

Numerical ability at lei'cl of algebra and elementary statistics to 
interpret or prepare production records and reports: at minimum 
lei'el of shop trigonometry when teaching writing of. or prepar- 
ing part programs: at lei'cls of basic probability and distribution 
theory when ass^ting in dcvelopir-g preventive maintenance, sta- 
tistical quality control and other iranagemenl programs. 

Spatial ability to read blueprints and drawings. 

Clerical perception to delect and avoid errors in reading and 
preparing tabular records and reports. 

lnf«r«sfs: 

An interest in technical siihiecfs to cope with wide range of prob- 
lems involved in short-run machining and keep informed of new 
equipment and techniques. A preference for communicating with 33 
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people lo in«3n;rJ. answer qresli&ns and proroole ccw tnadiiniaj 
conccpls. 

Temperaments: 

Mnsl adjusl lo planning and ronlrolling work aclmiies in (and 
oul^del ite unit for which he is responsihit by applying knowl- 
edge of cn^neering. machining and mainlenance practices, and 
operations analy;^ 

Must hare satisfactory working relationships with po)p!e in man- 
agement. en^nccring. drafting and tooling, and with manufac- 
lurcrs’ rcprcscntalivcs, forem*^. shop workers and cusiomers. 

Must adjuil lo making dcci«ons and recommendations regarding 
functional reoiganizations to facilitate processes, equipment pur- 
chases. and personnel selection and training requirements. 

Physical Damanefs and 
WorKing Conditions: 

Work is sedentaiy* which includes occasional walking and stand- 
ing. 

Talking and hearing required in conferences and during ex- 
changes of informaticn about such topics as desirability of ma- 
chining by numerical control, and manufactuiing processing and 
maintenance problems. 

Work is performed inside. 



DRILL PRESS OPERATOR, 
TAPE CONTROL 

606.382 

drilling-and-boring machine operator, numerical control: numerical con- 
trol drilling machine operator: tape drilling machine operator 

OCCUPATIONAL UEFINITION' 

Sets up and operates automatic-tool changing, turret-type, or single- 
spindle drill press that is numerically controlled in two or three axes of 
movement, lo drill, ream. lap, and bore metallic and nonmctallic work- 
pieces; Studies detailed, wrillcn instructions and part sketch on process 
sheets to understand setup and operating requirements, and select speci- 
fied fools and workpiece holders such as blocks, risers and clamps. Loads 
one or several workpieces, and fixturing. in location and orientation 
specified on process sheets, and secures with wrenches. Sets depth slops, 
cams and switches on machine head as indicated on operations sheets, if 

' Jfany manulaclurcrs have marketed numerically controlled drilling and boring - 
machines with the added capability of light-duty milling (often as an option 
available at additional cost>. These machines often are referred to as drill 
presses, or drilling and boring machines. However, operator requirements arc 
different, because a limited amount of prior training or experience, or addi- 
tional on-the-job learning time is necessary for the operator to gain a general 
familiarity with milling cutlers and their application. For this reason, opera- 
tors of these machines have l>cen classified under M.ACHINIXC CENTER 
34 OPERATOR, VERTICAL. 
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machine spindle axis nol tape-conlro33ed or K preset tooling is not 
used. Loads and secures tooling in machine spindle, tool magazine, or 
turret head. Sets sirilchcs and dials on numerical conlrol panels accord- 
ing to process sheet instructions. TTireads beginning point of tape into 
read-head of cabinet of console, and depresses sicilches to bring table 
or head to start point and initiate machining cj'clcs. Turns switch to 
select block-slop mode when using unproven tape, and verifies conform- 
ances to tolerances by comparing numerical displays with process sheet 
and blueprint data, and by making measurements with scales, gages, and 
micrometers. Readjusts tooling in machine or tool setting gages, ^d 
trims controls before initiating finish cuts. Repositions workpieces during 
programed machine slops when secondary setups are specified. 

Removes and replaces workpiece at end of machining cycles. Turns 
sdcclor switch to full-automatic position, to permit machining each 
remaining workpiece of production run without operator inicnrenlion. 
^fonilors automatic operaliomo detect errors, remove chip accumulation, 
readjust coolant How. and recognize and replace worn or damaged tool- 
ing. Shuts down machine in event of machine error or malfunction, ^d 
notifies supervisor. Deburrs and" spot-checks machined parts during 
tape-controlled machining cycles, to reduce machine downtimes. Oc- 
casionally operates machine in semi-automatic mode by setting selector 
switch and manually dialing in data according to oral or written in- 
structions. to machine relatively simple pieces for which a tape has not 
been prepared, or to make changes in a standard-part tape, l^fay shift 
machine zeros by following process sheet instructions, and turning and 
depressing switches, to repeat taped machining patterns in different 
locations, l^fay operate two or more machines simultaneously when us;ng 
proven tapes. iNfay be designated according to name of manufacturer or 
trademark of machine tool operated. 

BORING MACHINE OPER- 
ATOR, TAPE CONTROL 

layout drill operator, numerical control; precision boring-and- 
drilling machine operator, numerical control; vertical boring 
machine operator, numerical control. 

Performs essentially the same duties as DRILL PRESS OPERA- 
TOR, TAPE CONTROL except that the addition of a precision 
boring spindle to ivhat is basically a drilling machine permits a 
high degree of machining accuracy and repeatability, lo aciiicvc 
near-jig^horc machine capabilities, establishes setup points with 
proving bar, precision dial indicators and sct-i*o blocks. Occasion- 
ally improvises holding fixtures from standard blocks and clamps. 
May be permitted to override programed feedrates and speeds. 

EDUCATION, TRAINING, AND EXPERIENCE 

High school or vocational school graduation increasingly required of 
entry workers, with some training in shop mathematics and mctal-cutting 
practices. When these workers are not available, many employers prefer 
to select workers with a background such as mechanized farming, or 
extensive shop-related hobby experience, that gives some indication of 
possible job success. Workforce entrants with extensive courses in 
iiiathematics and mechanical drawing, but without any training or ex- 



pciiencc in macbine opcralinj. often are hired and immediaieJy assigned 
!o numericaiiy conlrolied machines as ‘‘undcrslndies ' or **Icamers. 
HoKCTcr. many employers prefer lo assign these workers lo operation 
of conrcnlionai single-spindle drill presses for a minimum of three to 
six months and then transfer them to relatively iighl-duly numerically 
controlled machines. Tliis practice gives Inc new ivorkcr *Tonfidencc as 
well as machine shop cxpciicncc and thus tends to allay *^buck fever 
when he is introduced to the machine. 

The employer usually provides up to one month of on-joh training under 
decreasing amounts of supenision to workers assigned to these roachines. 
Lengih of time 'required to achieve adequate performanen can range 
from a few months to one year hecaus • tolerance requirements, raw ipa- 
tciials mix. and production run lengths vary so widely. A general 
orientation course in numerical control cxmccpls can reduce training 
time somewhat, but can not he considcr«i a substitute for Srm grounding 
in shop practices and mclal-cutling procedures. 

A significant difference between numerical control and conventional 
machine operating is that the numerical control operator usually is not 
allowed to sharpen his own culling tools, ihou^i he may touch them up- 
Cood tool geomclrv is critical lo numerical control machining because 
jigs arc not used. Tlic effect of this standard is lo reduce training lime 
slighliy. 



WORKER TRAITS 
Apfitudtts: 

Verbal ability lo comprehend process sheet instructions, explain 
operating diSculties, and describe events preceding machine er- 
rors or breakdotvns. 

Numerical ability at level of decimal computations lo verify ma- 
chine performance, interpret numerical data displays and use 
gages and micrometers. (Training in non-decimal number systems 
is helpful in learning lo read tape hut is not a job prerequisite.) 

Spatial ability to interpret setup sketches and properly set up 
fixturing and workpieces. 

Clerical perception lo avoid perceptual errors, and recognize 
alphabetic, numeric, and special symliols- 

Molor coordination and manual dexterity to set up fixturing and 
workpieces, adjust tooling, and rapidly move sivitches and con- 
trols to stop machine or correct errors. 

SntsrMts: 

An interest in working with machines and processes to set up, 
operate, and monitor numerical machine-and-control system. 

Interest in activities of concrete and organized nature to operate 
machine according to specific and detailed instructions. 

Tem per 3m«nfs: 

Must adjust to a variety of work tasks subject to frequent change, 
demanding rapid transfer of attention between monitoring of 



machine and performance of auxiliiary tasks during tape-wn- 
trolled machining cycles. Operators need to be alert for possible 
damage, and must prcicnl unnecessary machine downlime. 

have disposition to meet standards and rcQuircnienls speci* 
lied on operating sheets, written instructions, sketches, etc. 

Pfrysical Demands and 
WorRIng Conditions: 

Work is medium. Manually lifts and loads tooling, fixutres and 
workpieces seldom exceeding 20 pouncs to avoid time-consuming 
use of cranes and hoists. 

Stands, and walks frcrjuenlly within machine area, when setting 
up. unloading, and monitoring performance of machine. 

Xear visual acuity and accommodation to follow process sheets, 
monitor tape-controlled mclal-calling, and analysJe displays cf 
data on cabinet or con*=olc for indications of error. 

Work is performed inside. 



ELECTRONICS TECHNICIAN, 
NUMERICAL CONTROL 
SYSTEMS MAINTENANCE 

828.281 

maintenance man. electronic: numerical control maintenance specialist, 
numerical control technician 



OCCUPATIONAL DEFINITION 

Repairs contour path, straight-cut and posilioning-!ypc electronic nu- 
merical controls of machine tools, following manufacturers manuak. 
Discusses events immediately preceding machine error or stoppage with 
machine operator and machine maintenance personnel to eliminate the 
possibilities of operator or part program error and machine failure, and 
to determine the general nature of the malfunctions. Localizes, isolates, 
and repairs or replaces faulty modiiies and components by following 
schematics, diagrams and handbook instructions, using sucli aids as a 
dual-trace oscilloscope, test probes, and cl«:lrician’s handtools. to restore 
control system to operating condition. Tests system by using system 
and trouble-localization test tape to simplify diagnostic tasks, wheneier 
such tape is available. Inserts replacements for defective modules when 
control is of modular design, and repairs defects later, at workbench, or 
returns modules to manufacturer for replacement. 



Follows preventive maintenance schedules to reduce breakdowns and 
machine errors by such means as replacing components before they be- 
come defective or marginally functional. Keeps written records of down- 
time and nature of malfunctions to provide statklical base for modifying 
these maintenance schedules. Repairs associated machine tool electrical 
and electromechanical components, or guides shop electrical maintenance 
personnel who performs this function. Maintains spare parts inventory. 



May repair machine tool hydraulic and mechanical defects, depending 
on breadth of training and experience. May also repair electronic control 
systems that monitor and control continuous-flow industrial processes 
and machines Other than machine look. May originate testing procedures. 
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^lav devise and consirucl module^es-i eqjjjpnjent- May assisl on insla!- 
ialion, checkoul. and inainlcnancc m numerical controls at customers 
cstablL'hmcnts as manufacturer's representative. 



EDUCATION, TRAINING, AND EXPERIENCE 

High school graduate. Graduation from a tivo year post high school 
technical school with an electronics major is a frequent minimum require- 
ment. and is becoming more common as more of these schools offer a 
major, or option, in electronics. Military training and experience in 
repair of complex, specialized military electronic systems is especiallj 
desirable, because these courses normally; 

1. ejtposc the trainee to orientation in both general and special- 
purpose sysiccis. 

2. train attendees in non-decimal number systems, 

3. provide a back^ound in servomcchanl'm theory as applied to 
any control system from all-electronic down to mechanical, and 

4. introduce the concepts of calculus, essential to understanding 
How roanv control systems operate — although calculus is not 
normally necessary in their repair. 



Thus, military systems training and experience can dramatically reduce 
the length of on-lhc-job experience required faftcr specialized training) 
lo be proficient in the repair and maintenance of numerical controls for 
machine tools. 

Customer training supplied by manufacturers of machine tool numerical 
controls is intensive in nature and usually ranges from one week for 
maintenance of a simple positioning control system, to two to three 
weeks for a complex, contour control system, and in almost every case 
presumes extcnsh'c previous training in the basics of electronic as well 
as elccfrical theory. For electronics, these baidcs include .A.C and DC 
circuit theory, amplitude and phase modulation, transistor and vacuum 
tube operation, and tiaining or experience in the use of test equipment, 
cspcciallv oscilloscopes. Some employers follow up numerical control 
maintenance training by arranging for their employee to work along 
with an experienced man in the manufacturer’s or some other plant a 
combination of training and experience — for up to two months before 
their first numerically controlled machine is installed. 

Many employees selected for numerical control training have been shop 
electricians vvith a background of studies and hobbies involving elec- 
tronics, rather than extensive academic training. 



An increasing number of useis are supplanting the manufacturers nn- 
mcr’cal ‘•ontrol courses with in-plant training by their own personnel. 
This approach has two distinct values. Training can be oriented toward 
the users’ operations, and geared to the aptitudes and backgrounds of 
their learning groups. 



Training time may be reduced in the future as numerical control courses 
become integrated into academic curricula. Currently, a number of em- 
ployers are demonstrating their community responsibility by making 
some employees available on a releascd-lime basis, for part-time teach- 
ing duties in local vocational schools and colleges. This has considerable 
significance, because qualified instructors in electronics are scarce, and 
the shortage is expected to continue. 
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Wljcn employed by a cimlrol manufaciyrer. llse worker usuallv reeeive? 
six to twelve months’ additional trainin'! and experience bclore being 
assigned to field scn'ice w.^rk. to become competent in all types of 
numerical controls the employer manufactures. 

Test: l’,S. Employment Service. Specific \plitude Test Batter}' S-503 

WORKER TRAITS 
Aptitudltts: 

Verbal ability to discu.«s reasons for machine and control malfunc- 
tions and stoppages, read and assimilate technical materials, and 
suggest changes i'a standards and procedures that might reduce 
downtime. 

Numerical ability to level of dccimail and hinan' arithmetic and 
Boolean algebra (logic'l to comprehend funcl*ons of numerical 
control snvitching circuilrv'. perform diagnostic tests, interpret 
display lights, read punched paper control tapes, and keep ivriucn 
doimtimc and inventory record.'. A course in introductorv' dif- 
ferential and integral calculus is vciy helpful in providing a back- 
ground for understanding ho\v complex machinc-and-control sys- 
tems operate, and successful completion is an indicator of fairly 
high numerical aptitude: ho\\'cvcr. such a course is not regarded 
as absolutely necessary for successful on-the-Joh pcrfonnance- 

Spatial ability to interpret \vavcfonn displays, and to comprehend 
schematics and diagr<ms and relate physical components to them. 

Form perception to check circuitry for such defects as loose or 
corroded connectors, and for presence of dust or other foreign 
matter. 

Clerical perception to perceive pertinent detail in written ma- 
terial, as w'hcn comparing test displays to handbook values. 

Manual dexterity to use test probes and handtools. 

Finger dexterity to move small objects in confined work spaces. 

Color perception to recognize and work with color-coded com- 
ponents. 

Int*r«sfs: 

An interest in working with machines and techniques for repairing 
them. 

A preference for activities resulting in tangible satisfaction to 
repair, and perform preventive maintenance services on electronic 
control systems. 

Temperaments: 

Must adjust to a variety of tasks, such as initiating a scries of 
tests to localize and diagnose equipment failure, and carrying out 
preventive maintenance duties. 

Must be able to make decisions concerning performance of equip- 
ment based on factual information such as test data, manufac- 
turers’ manuals, and prcdcicrmincd test routines, to isolate and 
identify marginal or faulty component.'. 
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^iuFl adjust lo worlcing i»rcrL«c and cslaldislicd standards 

of accuracy indicated liy %rritlcn specifications, and at speed suf- 
ficient to hold machine do\cnlime and" produclEou rescheduling to 
a minimum. 

Physical Dsmands and 
Working Conditions: 

Work is light. in%'oh'ing lifting and carrying equipment seldom 
exceeding 10 pounds, occasional pusliing and pulling of hca%*ier. 
dolly-mounted test equipment, and infre<iucnl stooping and crouch- 
ing. 

Reaching, handling, fingering, and feeling to work with delicate^ 
miniaturized printed-circuit modules and components. 

Near visual acuity and accommodation to read handbooks, 
schematics, diagrams and tabular data, to operate precision test 
instruments, and repair complex, miniaturized equipment. Color 
vision to distinguish among colored %vircs and interpret c-olor 
codes. 

Work is performed inside. 

«ilG BORING MACHINE 
OPERATOR, 

NUMERICAL CONTROL 

606.280 

horizontal jig boring machine operator, numerical control : 
vertical jig boring machine operator, numerical control 

OCCUPATIONAL DEFINITION 

Sets up and operates vertical or horizontal-spindle numerically controlled 
jig boring machine to perform such functions as center drilling lor lay- 
out. drilling and rough boring, and finish boring, countersinking, counter- 
boring and inspecting, by applying knowledge of manufacturing prop- 
erties of metals and machining methods: Studies operations manuscripts, 
blueprints, sketches, and tooling instructions to determine engineering 
intent, and processing sequence and methods. Loads fixtures and work- 
piece as specified on sketches or in narrative instructions, and seoires in 
place by use of wrenches. Loads tape in read head of control. Jogs 
machine, ivilh edge finder or precision dial indicator in spindle, into 
contact with part, or fixture or table blocks and gages. Depresses switch 
to set machine r^ro. Installs preset tools in specified sequence and 
jogs to zero point to initiate tape-controlled machining; sets conventional 
cams, stops, and dial-type switches on machine head as indicated on 
operations sheets if machine spindle axis is not under control of tape. 

Inspects each cut on first piece of run to trim console controls and re- 
adjust cutting tool.=, in order to achie%'e desired concentricity, boring 
tolerances, spatial relationship.c. and surface-finish quality. Discu.^ses 
operating difficulties with superv'isory. engineering and maintenance per- 
sonnel. and recommends improvements in future similar part programs, 
by applying extensive practical experience in machining. Presets cutting 
tools off machine during tape-controlled cycles by using precision pre- 
setting instruments, and organizes materials for next job, lo reduce 
machine downtime. Frequently works close lo or at very limit of machine 




rai 3 ;:<- fr*«^ !*# ir:»*li. Orra- 

>i«‘nallv i^j^rnslc^ ina*'l 35 r<* 3 «m^ 1 iTj'|Hrn^i:»sn nia-^lajjtc. in fnann<*r similar 
nonnal I»y in^ilini: |ir<*ri*^:on jnra^nrin^ in 

^jiindlr. and jn«^vin;i ma^^lijnc* l1iT**n-:l3 nndrr lajK*. dialdn. or 

manna! r##nlr*d. !m ind:*-alc dtnjal:«m^ fr*^m |^r<-^ ri!*rd !<i!rrancrs. 

Mav ri-j^hrc mliin;: ^hh hi;th ^pnr«! rni^din? nnil I** imj^rovc 

«nrfar<* fini«^1:e« and fc»*!d Jif#!rranr^^ when tlulnp. fini^hinji w«rk. 

M-v ojHTal<* machine lhat iia< ihe added raj*a!d!ily ol millinj:. I>n: which 
t< rla-^«^ified a< a iia hfirinn: machine lalher than milling marlainc he- 
ran^e of i«derancr-i:«ddin;;i polcnliaL May c^jHTale ij2-3'^'|*e machine in 
w*hich head ha?^ Invn rc|dacci! hy mca^nrinii head. a** hi|ih* 

j<rcci« 2 on insj#ecli<*n in^l rnmenl. May rc|irjnd mllin^ Joid^. May imj^rovifc 
w«#rk|derc-h<ddin 5 ! fixlnrc^^ fr<*m ^landard Idork^^ and clamp-*. 



EDUCATION, TRAINING, AND EXPERIENCE 

Hi"h ^ichool cir voralional ^^hwd srradnale. or cqnivaicnl. u*nally wilh 
conr^=e 5 in machine «hop praclice«. *!3op malhemalicf^. and mechanira! 
drawing Emjd<*yer^^ frcijnenliy reijnire l%ro to fonr ycar^ of precifion. 
jcdj-nsn exf^ri cncc a* a ^clnjuctperalor «f con%enlional hiah-preckion 
machine lotd*. or joiimcyman machini*! *3alnf=: «*nally. ihi* L* foHouved 
hv one lo three monlk* a* learner or trainee to leam ha*ic concepL* of 
numerical control and hecomc familiar %viih one make and type of ma- 
chine and control ^y^lcm. Experience in interpreting complex finished- 
part idueprints. in use of nhra-precicion measuring gages and inslni- 
mcnls. and extensive fcntnvledge of dynamic firocesses of machining are 
regarded as most significant: the lime required hy workers with such a 
background to master numericjtl control concepts usually L* relatively 
insignificant- 



WORKER TRAITS 

Aptitudes: 

Verbal ability lo confer ivilh 5 iiper\i?«ry. part programing and 
maiiiicnce personnel about operating difficulties ; and to interpret 
written setup and operating instructions. 

Numerical ability at level of decimal and binary arithmetic lo per- 
form st-ratclipad arithmetic, interpret display lights, and compre- 
hend meaning of coded tape perforations. Some emplojcrs rc- 
(jiiirc knowledge of sh.>p trigonometry, to enhance mansifacluring 
trigone*”'^* 'V can lie essential to operate machine occa- 
sionally in manual or dial-in lo.'de. when tape and process sheet 
have not been prepared hy cngincc/'ng. or when minor changes 
are required in tape when using conventional hlueprints. 

.Spalial ability to visualize setup practice', machining proccsse' 
and finished workpiece from two-dimensional drawings and 
sketches, 

porm perception to interpret surface finishes and recognize min- 
ute defects in workpieces, during machining proce's. 

Clerical perception to perceive pertinent detail in written material, 
and in visually displayed data. 



Molwr tourdiaalion. snA manual ard finger dexl«"rily to pr«i?c3y 
align ard semre woiipieors and Ssclaring. and ufe preci?:on in- 
sperlion and tool-selling inslmmcnls. 

Interests: 

A preferenrr for ar«rliing »rilli marhinr* and prorrsfes to <el up. 
ctj^nslc. and monslor tfce ijerfomianre of the tnarhine-and-eonlro! 
.«y*.i«n. 

Inleresi in a^tivilir*; «f a ron'Tele and organized nalure to follow 
well-defined in‘lmclian>- for ifie prodnelion of each part- or group 
of parts- 

Temp«rann«nts: 

Mufl adjusl to a rariely of tasks during each short-run machining 
evcle. to assure adrquale sJandards of machining qualily and 
speed, and hold expensive machine dowmlime to a minimum. 

Musi adjusi to adhering exactly to ertahlislsed slandards and pro- 
cedures conlained in opcralions manuseripls. hlucprinls, skclehes. 
and tooling inslruclions. 

Physical Dsmands and 
WorKing Conditions: 

Work is li^I. involving fre»jucn! slanding. and walking within 
macliine area and occasional slooopsng or bending when selling up 
ioT. observing progress of. and inspecting accuracy of machining. 
Afanv cmplovcrs require worker to ohlain assislancc when han- 
dling objccis over 20 to 25 pounds, to reduce possilulilics of per- 
sonal injury and malcrial damage. 

Reaches, handles and fingers, to set up tooling, load and thread 
tape in machine conlrol unil: set and make trimming adjuslmenls 
on mulli-posilion sivilehes: and verify progress of machining wilh 
precision gages and measuring inslrumenls. to very limil of 
machine-and-conirol accuracy. 

Normal and near visual acuily. and occasional accommodalion. 
to read manuseripls and drawings. o!jser%-e macJiining processes, 
and ohserve dn^play devices on machine, and on conlrol console- 

Work is performed inside. 

LATHE OPERATOR, 
NUMERICAL CONTROL 

604382 

automatic-tool-rhanging lalhc operator, numerical conlrol: engine laihe 
operator, niiinerical conlrol; turret lathe operator, numerical conlrol 

OCCUPATIONAL DEFINITION 

Sets up and operates numerically controlled horizontal lathe to turn, 
bore, fare, thread and taper-turn metal workpieces: Reads process shceLs 
and studies blueprints and sketches of jiarl and tooling, to determine 
seipjcnre and nature of work activities. Inserts beginning point of tape 
in reading head of control system. Manually loads, or uses hoist, and 
affixes work between ceniers. in £ chuck, or to a face plate. .Selects and 
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Slid £“d di^lal ♦■is'ilrhr* ifial 

t*T widanr iLr a*:d In<T»* #d *i'»i3i’ml5t'Sal xzja^fJjinr 

€ t*-i i»k« 1 j-an adiansir lajsr asd *.l 2 rt tscla!- 

raiun^ 



OLfcrtrs niiEjfiical dL«;*5a»'< on ronlrol i-acd and c-on3paiir«i %ril3j dala oa 
l<rorc*ji lo tTE-rifr d3mca*:*?aal adfiiJ-lajrnl^. fficdia!r«. and 

of macliinjn* raisi. 0:»n]j*fa5alir^ for fartor#' a< Ioo3 sjjrin* and wear, 
and workfccre dc£tni<»n. by aj^jilyin*: practical knowlcd-c of inarbiainjL 
and Sump diai? and «w3iclit^ lo tnrrridc Jajw conlrol and c&irccl machinf 
l^crfonnancc. Explains opcralinj: diffirullics lo snpcrritory. njainlfnancc. 
and process fdanninj: personnel, and noliEcs them of any dcrialions from 
pan progrann Trims cbnlrols and r^adjusls cnllin* loals prior lo ina- 
chinin*: of finL'hinj: culs. Insperts first piece of rur and sj>ol-c!;erks sne- 
ceedinj pieces by using micromders and precision dial gages to verify 
accuracies. 5lndics job mckd and organizes malerials for nexi mn 
during aulcmalic lape-conlrollcd cycles, lo shorten change-oner lime. 

May preset tools before positioning ihcm in lathe, using precision pre- 
selling gages and insliumenls. May set up and operate another machine 
loo! during fape-eonl rolled machining cycles when using proven tapes, 
or perform other work such as parts deburring. May machine non- 
mclallic nvorkpicccs. 

EDUCATION, TRAINING, AND EXPERIENCE 

High school or vocational school graduate preferred, with courses in ma- 
chine trades. 

.Amount of on-lhe-job experience employers re^juirc on convcnlionai 
lathes varies widely. Some employers indicates that six months to one 
year of work as a selup-cperalor of a conventional lathe on short produc- 
tion runs is sulHcicnl lo gain an understanding of most commonly- 
recurring metal fuming problems, hut other employers prefer to select 
numerical control lathe trains* from workers with two years or more 
of joli-shop lathe experience. Workers usually are assipicd to numeri- 
cally comrollcd lathcF as learners, and work under very close supen'ision 
for approximately ; ne month. After thl'. ^corkers frequently require six 
months to one year lo achie\'c average production and workpiece quality 
Standards. 

Final responsibility for workpiece quality usually is the responsibility of 
the lathe operator, who must compensate for factors not foreseen by part 
programing personnel, and make control adjustments to maintain spatial 
relationships, hold tolerances and compensate for factors such as fool 
spring and workpiece deflerlion. The amount of operator decision making 
is greatest when par? programing personnel lack adequate background 
in details of metal fuming practices: currently, this is not uncommon 
heraiise of the relative ncwnes.c of numerically controlled lathes, 

I.a!he operator^ traditionally have regarded themselves as either engine 
lathe <’T turret lathe hands. However, some employers are finding that 
experience in either area is adequate as background for numericall" con- 
trolled lathe work. Basic knowledge of mclal-fuming machining and fool- 
ing piactices. parfirularly in reJation to fool compensation, apparently 
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arc Tr<rt^.h.frj ia<*r<f ‘ipaiS-aj-l »!;an f^j*<Tknoj» »*n a 

lv|»e *-f iathp.'* 

WORKER TRAITS 

Aptitucf«s: 

Wti' 3J aljjHlv 5*1 3?il'PTg'T<rt wrill<’^ a&i sn^Srar- 

and t^filaan '•j*pralii3j: rT»4<l<cn'‘ and CiSlf’iPrf:<*ns s<» f<*r<*- 

K2ai»- jnsirilrnznre and j^ail j*r^‘^raiai3^ j*tT<»*rT:p1. 

Xaiijpncal aWfilt* al Iciicl «d anl?jn*<*ljr to in-'^jwvijoa 

dninc^ !«* inlrrfwl iaa'^'liinra?: pix»*3w;f!. nsakr «Ti 'rhiiad cwraj-a- 
! 3 li«*n«. and *<i iriiaiaan? c<nir<*« «n <xsiw=io!c l«« hcdd 

j^iprjSfd lolrrancr'i- Xajncrical alijHir al impI <d non-dedmai 
aTSshjErfit" lo Ecain Fcadinp c»f j04r<rli<id fionlr<d laj»c- coroprcSjccd 
rjfnlr«! piinrijdf^. and Im-Hp? p^jdain prALIm:!^ «»f inlcrf*rf3alion 
«j machinc-and-conlr^S malfanrlion-*. 

5palial abilily l« sn!crj»rc* drawing: acd skpl^hp* td pail5 lhal 

(ihm 3Sf- renip!px. rrqnaTiBj: niu!lip3e «j»i*r3li<rti<. 

Qcrica! pcrrepliftn 5 j j»pr<rcivc pcrtinml driail in wrillcn ?clup 
and optraling inrfruriionj:. and rcoo^Hiize alpiaabf-lir and numeric 
<yin!jo!«. 

Manual dc’^Iciily « u«e in«iM!clion dcrirps and handlool#. 

int«r«fs; 

An inlcrefl in acliviile? concerned wilh icachint^. proc'^^fe?. and 
Iccliniquef lo opcraic one or mere iyi»e? of numerically conlroH<^ 
lalhc<- 

P»^cfercncc for acliviiie5 of a conrrcle and organize! nalsirc lo ?ei 
up and operalc machine according: \<- specific, delailed and sc- 
quenlial in^lruciionp. 

Tamper aments: 

Mu.«l adjuM a variely of la-'k* requiring frequent clrange. and 
division of atlcnlion l>cuvccn oifu work task* and monitoring of 
machine performance, lo permit maismum produclivily. 

Must adjust to deciding lo select immediate corrective action from 
a limited range of alternative?, when part program is faulty or if 
he encounters wide variation in size or hardness of raw work* 
pieces- 



Physical Damands and 
Workins Conditions: 

Strength requirement is medium, involving infrequent stooping, 
and occasional awkv.*ard rca< hing. when selling up and inspecting 



’ Setup and operation of the “automatics**, bar and chuckcr-Iype automatic 
screw machines or lathes, still is an occupational specialization- Although cer- 
tain functions such as feedrates, speeds and rapid traverse arc on the tape 
when these machines arc equipped with numerical control the machines arc 
basically the same as their conventional counterparts: the same worker re- 
quirements still exist to set tools for close tolerances an»l adjust trip blocks 
and pins for non-lapc operations. 
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work- Ma33i33jlj 13 fi^ and ii^lcr workplaces seMoin ex- 

ccedin^: 20 pounds. Worker aclions relaled to se2iap. lakcdown- and 
tool selling and rcadjuflinrai iyp3«^l!v are more fr<^nenl than on 
ronrenliona! lalhes. because of high mclal-rcasoial capariir, and 
high ralio of melai-cnlling to non-prodnrtjve time of new nn- 
inericaliy conlroJIrd machines. 

Xcar lisual acnily and accommodalion to folJow wnllcn Ctann- 
scripts, monitor machine perfonnanre. and shift attention to opti- 
cal display and signal lights on machine control unil- 

Wbrk is performed inside. 

MACHINE CENTER 
OPERATOR, VERTICAL 

609^80 

numciically controlled niacliining center operator, vertical: vertical 
drilling-boring-and-milling macliinc' operator, numerical control 

OCCUPATIONAL. DEFINITION 

Sets up and operates automalic-lool-changing. lurrct-lype, or <in^e- 
spindlc vertical multi-purpose numerically controlled machine, to 
ream, tap, bore and mil! workpieces according Ic drawings, sketches, and 





wrilltai infiTUciit^nf^z «*r;c »*r several WMikp-tves. osd ^ fixtures. 

Idockf^ v*r clamps, manijaily hy a»c tii crarc or hidsl. in pa^lion and 
oiicnlalson spr*'ified on selnp skelcii and oj*ciali**n mannscripl. Tiiifclcns 
LoIls Ia' lise t.f wrenches, I«* preienl workpiece rnuiemenl durinii ma- 
chining. icsjalls and SigLjens presel in sjwvjEed ^se^jncnce. I.«ads 

tape inlo read-head of conlr*.! »ns!»inel *sf c*»ns<i!e. Sels ccplh rfoi*5. cams 
and dial-lyiw sw jlchcs on maclnne head as ind:caled on opcralions shc^. 
if machine s lindle axis is n»*l under c^»nlrol of laj»e. Diings machine 
htad So specilied sjarl |w»ml 1 a depressing joh hull«jns and alining caller 
visually or wilh uh;- «f feeler or dial gages. Turn-s and depresses jAciich^ 
lo iniliale machining. Tesis unproven lajnr 1 a tij»eraling machine in 
Llock-slop mode and insjK-rling each successive cul wilh <ca!c. gage or 
mirromcler, 0»mpares nicasuremcnl.- wilh dala on lilucpiinls. skclchcs 
and manusciipl. lo verify accuracy of |art program. Rci^silions work- 
piece during programed machine sir»ps when secondary selaps arc spc».- 
ified on opcralor's manuscripl. Removes and replaces workpiece al end 
of machining cycles. Turns sclcclor switch lo permi* machining syhsc- 
quent parts jf produclion run under full-aulomalic lape wnlrol wilhoul 
operator inlcrvcnlion. Monitors culling adion and posilioning and se- 
quence number display lighls, l<» dcleci cirors while machine is operating 
under full-aulomalic control. 

yixy ic.s>t machine zeros on table by jogging machine head lo new posi- 
tion wilh manual switches, and depressing reset bullon. in order lo repeat 




Vertical— Spindle Machining Centers 
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a lapfd in loralion. May be rcijnircd ajiplv 

ind^jK^ncJral x;d kn««virjrd^r c^f mrlal-^riiiiing pra«"lior«. to <jvrr- 

ride lajw c/inlr<t]]rd marbinc mw^roral^^. fiwvl< “und «pe*<yl<. in order U# 
eomiwT3^=ale for larialson^ in w'<#rk|deinc* ^i&e and Iiard”^^^- Mav prc^^l. or 
readjn^l prr^ loftJin^ off ifcc machine lo <i#cs^f:ed Icnjttli and dian^elcr. 
by u<^ rd preri«:on prefcllinii Slc^p* macbinc when oji<^ralin? diffi- 

ei3sl:c5 or raalfunclionii onrur. nolific- ^^pervi«or. and cxp3ai,^ problem. 
DeJiUJTii and 5p&l-rJjcck< marbined parl5 while machine operaling 
under lape ^onlrol. lo reduce machine downlime. Ocrasionallv opcralc^^ 
machine in femi-anlomalic mode by ^ellin^ ^elrrlor fnviich and mannaijy 
dialing in data from wril!en or oral in5lruclicin5. ici make minor rhange^^ 
in a 5landard pait and eliminalc need for new tape. Slav operaSe Iwo or 
more machine^: <imn!lancoiacly when U 5 ing proven lapc«. May he dej=ig- 
naied according lo name of mannfadurer or irademaHc of machine tool 
operated. 

MACHINING CENTER 
OPERATOR, HORIZONTAL 

Perfonns es?en!ia!iy ihc same duties as .MACHINING CE.NTER 
OPER.\TOi?, VERTICAL* except that machine spindle or spindles 
are horizontal, numerical control of at least three axes of position- 
ing is cuslomar}'. control system is more likely to include prohlc- 
and-conlour milling capabilities, and configuration and character- 
istics of machine often permit loading of larger 'K’orkpieces and 
higher metal-removal rates than possible on the majority of 
vertical-spindle machines. Normally, all tooling is preset and all 
fixturing is specified in detail. Twin tables or pallet-shuttle trans- 
fer devices frequently arc integrated into the machine-and-control 
system: where this is not the case, the operator sets up workpieces 
oft the machine (on fixture plates) during automatic-machining 
cycles whenever feasible, to reduce changeover time. Horizontal 
machining centers almost universally incorporate automatic-tool- 
clianging magazines and tool-transfer mechanisms, to take fuU 
advantage of inherent machine productivity. 

EDUCATION, TRAINING, AND EXPERIENCE 

High school or vocational school graduate preferred, with courses in 
machine tool operation and hluc]:rint reading. Some employers express 
a preference for entrants with cxtcn.rivc high school background in mathe- 
matics — the new math — and mechanical drawing because they feel these 
are eviaence oi good mcchunical aptitude as well as predictors of later 
job success. The ability to speak, read and write English is essential, to 
follow written instn. tions on the operations sheets for each job until he 
unJeistands it thoroij.hly. and to explain operating difficulties. 

Training varies widely, both in nature and amount of time devoted to it. 
Many employers prefer to let the trainee operator learn by doing, work- 
ing as an understudy of another operator for one to four or more weeks. 
During this informal training, lie acquiree the ability to read tape, and 
learns machine and control functions. After this, he takee over as machine 
operator, though with assistance available when he needs it. For the first 
three to six months operating difficultice are likely to be frequent. 

Other employers have .«et up formal training programs. Usually these 
48 '“^'1 start with numerical control oricnlalinn clas.«es, then shift to group or 



isdiridual inflrurtion on ffcc machine and control to be used. In 

the latter phase, training usuallv is organized around the operations 
manual that all manufacturers make available. Toward the end of his 
training, he may prepare one or several simple part programs. Sot until 
tl^cn does he return to the shop for training throu^i actually operating 
the machine. Formal training such as this is expensive and lengthly— 
one to three .nonihs Ls common— but has values that may not Jbe readily 
apparent. The operator is likely to be more produclii'c and make less 
scrap. He is belter able to take remedial action when something goes 
wrong, and describe operating diEcuhics to part programing, mainte- 
nance and supervtory personnel. He tends to have more confidence in 
thj: part programer and thus is less likely to shut down his machine or 
tnm his controls unnecessarily. Too. such training also is a means for 
disemering unexpected promotional potential of shop workers. 

i?ix months to one year or more prer-ious job-run industrial experience 
on conventional machine tools is a common requirement. Setup and op- 
eration of a radial drill press Ls regarded as particularly suitable, because 
normally operators of these machine arc exposed to a variety of ma- 
chining problems, on short run work. Sometimes, extensive experience — 
several years, or eien journeymen machinist status — is required. Often, 
this is because an employer is just beginning to use numerical control, 
and feels this Ls the best way to ju.«=iify the new. expensive machine. But 
industry is realizing that such workers, particularly if they are capable 
of organizing their work procedures for conventional machines, arc likelv 
iO become bored and inattentive when operating numerically controlled 
machines. Thus, there is a danger in assigning an ovcr-qualifi^ worker — 
unless there is a mutual understanding that he will hcrome a part pro- 
gramer and machine operating is cnly part of his training program. 

As.morc and more machines are installed, employers are increasingly 
training enlrj' workers in the operation of numerically controlled machine 
tools only, with no exposure to conventional machines. Where this is done, 
management usually assigns the worker first to its smallest machine 
(frequently a light-duty tape drill), and then transfers him to more com- 
plex, or at least more expensive, machines, on which he can continue to 
develop his work experience. 

WORKER TRAITS 
Aptifu«l«s: 

Verbal ability to understand written setup and operating instruc- 
tions and to communicate with supen’isor about machining prob- 
lems: lerminolog}- on operations sheets frequently is abbreviated 
and highly conventionalized. 

Numerical ability at level of decimal arithmetic to verify perform- 
ance of machinc-and-control system during machining of first piece 
of run when using unpro'":.i tapes, and to spot-inspect subsequent 
workpieces by using micrometers and -gages. While not always a 
requirement, mathematics at level of binary arithmetic is very 
desirable to discuss ooerating problems, and to read tape in order 
to select valid points after non-programed machine stops and thus 
hold machine downtime to a miiiimuin. 

Spatial ability to visualize positioning and alincment of work- 
pieces and fixturing from sketches and drawings. 

Clerical perception to perceive pertinent djctail in written setup 
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2i:d acd in vis^usl-di^pljiy dsls panel:?- 

l^Iannal dexicrily to use deiices and handlools. 

3nt«r«sfs: 

A preference for aclivii ics cctnccmed wilh machines, pro c e sses and 
techniques to operate and monitor melal-eutling machining sys- 
tem. 

Interest in activities of a concrete and organized nature to ©pcraic 
machine tool acasrding to dclaiJed. se<3uerlial instructions. 

Tem p«r am «nfs: 

3Iusl adjust to a variety of tasks, and divide attention between 
oivn work tasks and monitoring of machine when in full-automatic 
operation, to make possible maximum operator and machine 

productivity. 

]^Iust adjust to adhering closely to established standards and pro- 
cedures specified in written instruction.*:, drawings, and sketches. 

Rhysical Damands and 
Working Conditions: 

Work is medium, involving continuous standing, and frequent 
walking within machine area. Manually lifts and positions lighter 
fixturing and workpieces, seldom exceeding 20 pounds, to avoid 
delays caused by use of jib crane or hoist. Workpacc Jrcqucntly 
must be rapid when using proven tapes to prevent non-programed 
machine shutdowns. 

Reaches, handles and fingers to set up and take down work, adjust 
machine controls, direct flow of coolant, remove chip build-up 
with air hose, and verify machining accuracies by use of inspec- 
tion devices or instruments. 

Normal and near visual acuity, and occasional accommodation, to 
interpret data on drawings and operations sheets, monitor ma- 
chining processes, and observe visual data-display devices of con- 
trol system. 

Work is performed inside. 

MILLING MACHINE 
OPERATOR, 

NUMERICAL CONTROL 

605^80 

OCCUPATIONAL DEFINITION 

Sets up and operates multi-axis numerically controlled milling machine 
by following written instructions, blueprints and setup sketches and 
applying knowledge of machining practices, to machine metallic and 
nonmctallic workpieces: Reads operators manuscript and studie.s setup 
sketch, tool charts and part drawings to interpret detailed setup and 
operating specifications for each job. Signals crane operator or operates 
crane and hoist to locate and aline parts and fixturing. Levels workpiece 
with shims, and tightens in place with wrenches. Places perforated or 
magnetic tape in control console and threads through read-head. Sets 
machine and control dials and svritches by following instructions on 
operations sheets. Inserts precision indicator in machine spindle, and 




d<*jirc>5c< «riirh^ Jo jo- inlo conlart vriih target point on workpiece or 
nxiure. lape and loo!, and record ^eiup fioinl. Retracts spin- 

d!e. and loads and secures first preset tool and holder. Initiates tape-con- 
trolled^ machining and monitors metal-cutting performance. Compares 
numerical data displays with specifications on operations sheets, and 
u.c^ scales, gages and micrometers during programed inspection stops, to 
verify machining operations. Removes and replaces tooling when worn 
or damaged, and when next tool L< specified on manuscript. 

.\ssemhles and preseLs tAoIing at bench during tape-controlled machining 
cycles, by use of presetting ^ges. to reduce machine downtime. Re- 
adjusts tools or trims controls before inilia.ing finish cuL<. to compen- 
sate for factors such as workpiece variation and tool deflection. Over- 
ridcs programed feedrates and speeds by applying knowledge cf ma- 
chining practices, or shuts down machine, explains problem and rc- 
rjucsls o\emde authorization. Notifies supervisor and describes operating 
diEcuIties in all cases of obvious part program error, and machine or 
control malfunction. Repositions workpiece for isilcrmcdialc setups when 
specified on operations sheets, and removes and replaces at end of ma- 
chining cycles. Studies job packet and organizes material; for next job 
during tape-controlled machining cycles, to reduce changeover time. 
Occasionally replaces milling with drilling and boring tools at specified 
change points, to reduce or eliminate need for subsequent machining of 
workpiece on other machine tool. Occasionally operates machine in 
dial-in or manual mode to add or modify functions programed on stand- 
ard-part tape. 

May operate machine in test mode and inspect each machining cut when 
verifying unproven tape and program manuscript on first workpiece. May 
operate machine on preliminary dry run before machining first part, hv 
visually ohsening for gross errors, or plotting two-dimensional move- 
ment with recording slylu.c. .May test-machine first piece of rigid. e.\- 
panded-foam plastic, or low-cost metal when workpiece cost is high. May. 
be designated according to make, trademark, or configuration of machine, 
characteristics of control system, or type of product, as Contour Path 
Tape-Mill Operator; Planer-Type Milling Machine Operator. Numerical 
Control; Profile Mill Operator. Tape Control: Tape Control Skin Mill 

Operate: Tape Control Spar Mill Operator; Tape Keller Operator: 
Variax Operator. 



EDUCATION, TRAINING, AND EXPERIENCE 

High school or vocational school graduation increasingly required of 
entry workers, with cour.^es in machine shop, mechanical drafting or 
blueprint reading, and shop mathematics. Two to two and one-half years 
of progressive, short-run shop work, starting with drilling and boring, 
then specializing in milling operations, is regarded l;y many employers 
as adequate preliminary experience. 

Other employers prefer to assign journeymen with extensive experience 
on conventional manual and/or duplicator-type milling machines. This is 
partly due to high costs of the machine-and-confrol system, and equip- 
ment downtime. However, use of these machines for jobs -^uch as milling 
aircraft skin sections with integral stilfening structures from the solid, 
and for complex profile and contour milling that was formerly possible 
only in the tool room (when possible at alll. tend to justify assignment 
of well-experienced operators. 



It is possible that experience requircmenU: may be relaxed as 
cally controlled milling machines gain greater acceptance outside the 
aircraft, aerospace and ordnance industries. Trend-s tmvard belter tape 
and process manuscript verification prior to release, tighter raw-woixpiccc 
quality control, and tool preselling by specialists are other factors that 
may reduce experience requiremems for operators of numerically 
controlled milling machines. 

One to three months or more arc required before the worker achieve' 
average proficiency on one make and type of milling machine and 
<v^tcm. after starting as an understudy to an experienced operator. If the 
worker has taken numerical control orientation courses and has operated 
another tvpc of numerically controlled machine training time can be 
reduced b'v approximately one-half. Six montlt' to one year of additional 
experience may be required before the operator Is permitted to machine 
a workpiece using an unproven control tape. 



WORKER TRAITS 



Aptitudes: 

Verbal ability to comprehend written setup and operating instruc- 
tions. descrihe operating difficulties and sequences of events 
preceding machine malfunctions and stoppages. 

Numercial ability at level of decimal computations to 
machine performance, use micrometers and gages, and 
scratchpad computations. While not always a requirement, ability 
at level of binary mathematics is desirable to^ reduce tapc-rcao 
problems and more rapidly comprehend functions of numerical 
control system during on-the-job training. 

Spatial ability to visualize configuration of machined parts »rom 
drawings, and position and aline fixturing and workpieces froii 
setup sketches and written instructions. 

Clerical perception to pe-ceive detail in manuscripts, charts, prints, 
sketches, and data displays. 

Motor coordination and manual dexterity to use handtools. inspec- 
tion instruments and tool setting gages, and make rapid corrective 
adjustments of switches on portable and fixed control panels in 
response to visual indications of machining discrepancies. 

interests: 

An interest in activities concerned with machines processe'. ana 
techniques to set up and monitor performance of tape-controlled 
machine tool. Preference for activities of a concrete and organize, 
nature to operate machine according to ’..ell-defined sequential 
instructions. 

Tens p er ann • nts: 

Must adjust to a variety of task', and divide attention between 
moniioring of machine performance and other work dut-es, to 
hold machine downtime to a minimum. 

Must adjust to adhering to precise, ei^tabiishcd standards indicated 
by detailed written specifications, blueprints, and setup sketches. 






P- 




'Physical Dr.^nands and 
Wording Conditions: 

Work is medium, involving infrequen! stooping or bending, and 
occasional climbing of steps or shorl ladder (on larger maehincl 
during setup and monitoring of machining processes. Manually 
lifts and bandies bandiooLs and tooling, seldom exceeding 25 
pounds: may use jib crane and hoist for lifting and positioning 
heavier objects. Portable control panels, and Uie provision of a 
centralized work station that frequently is equipped with remote 
viewers, tend to reduce physical requirements subsequent to 
workpiece setup. 

Reaches, handles, and fingers to set up and take down work, adjust 
machine controls, redirect flow or spray of coolants, remove 
accumulations of chips, and verify machining accuracy with 
inspection devices and instruments. 

Normal and near visual acuity, and occasional visual accommoda- 
tion. to follow operations sheets, directly monitor machine per- 
formance. and observe visual data-display devices. 

Work is performed inside. 



PART PROGRAM ER, 
NUMERICAL CONTROL I 

007.187 

continuous-path part programer; contour part programer. numerical 
control; contour-path part, programer; programer, numerical control 

OCCUPATIONAL DEFINITION 

Writes part programs in computer-processable language to define setup, 
tooling and operation of continuous-path and multi-axis point-to-point 
numerically controlled machine tools such as profiling and die-sinking 
milling machines, by applying knowledge of mathematics, machining 
methods and practices, and familiarity with specialized part-programing 
languages: Studies drawings, sketches, and conventional or mathematical- 
analytical design data, to comprehend intent of designers, visualize 
workpiece, and define fixturing and processing requirements on machines 
with as many as five axes of motion cf each spindle under coordinated 
numerical control. Writes series of symbolic and numeric statements 
that describe workpiece in form such as series of geometric regions and 
boundaries, and that define clearance planes, machining modes, tolerance 
limits, type, radius, coding, initial position, feedrate and direction of 
movement of cutting tools, and coolant use. 

Develops tool path sketches to plan machining procedures and assure 
collision-free clearance planes for cutting tools. Uses desk calculator 
with square-root generator, or input-output terminal to remote computer, 
in order to simplify computational tasks. Prepares sketches and specifica- 
tions for tooling, fixturing, and machine setup and operation. Routes 
part programs for computer processing and preparation of written print- 
outs, plots, and magnetic or paper control tapes used to control machine 
tool. Compares computer printouts to original manuscript, and design 
data and drawings, to identify and correct part programing and process- 
ing errors before relea.ee for tooling and manufacturing. Reads trade 
literature to keep informed on improvements in equipment, and process- 
ing and manufacturing techniques. 
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May confer j>frso::=eL aj:;:l:'ir" spmalizfd oi 

isaeHni::? ?roik«^!iaj»f« L? nt;r:tT3«^l to d^iirrise 

I-r<idi:rl rs:-'l2;T32l'33:ly. au-d rha3j« in «2f?3p3 snd diaflisg prsr- 

li«Teii r<f!!3a»TP liisf ard ctJ^l of i-arS ronprlflrr procescjEjf, 

£s:d nijr:'<‘jical mzAn"nn^ May oprrElr. or minf o-lpri of aclomalac 
drafiiaji cud dfjuiitinj: mccJiisir?. lo redi:?^ <nonprl2J:o3al efforts of 
I^rt pK.'^rasiaii. «r verify ccraicry of vf«r3:|i:<Te priifflcs acd pc ihs of 
riillcr »vnler-ljces. May of.)ferre lesl ir^crJffniaj: of ffr#l p5foe irilB oa- 
provea Jape, to s«scrc cde^jaccy of part pro^irscrL May develop or reSae 
jjise aad rosl ilala as a fev-prodccl of j-art program, lo dimiaalc 
dlipficclion of effort Ly ir-duslrial en;^eering departmccl. 

May organize liainiog laalerials ard inslrcel ia part pro,^ammg axd 
oi»rr 2 lion of ccmericalJy «oiiiro]3ed taacJjice Joofs. May prepare part 
programs for manual processing ic2:cn process manuscript is sl:ort and 
relaiivelj smp!e lo prepare, or if numerical maclaine ronlrol is capat-3e 
of circular or parabolic inlcipolalion. May origiralc or modify compcler 
programs and rouiincs ibai amplify part programing. May be desigraiefi 
by employer according lo type or group of machine tools for virhich 
preparing part programs, sucli a - aircraft shin and spar milling machines, 
or by Irademaih of machine. < clrol. or programing langua^ for vriuch 
part programs are prepared. 

EDUCATION, TRAINING, ANG EXPERIENCE 

High school graduation, vrilh advanced mathematical preparation and 
courses in mechanical drawing is the usual minimum requiremenL ilany 
employers further require two years or more of past hi^ school educa- 
tion in a technical school or en^neering coli^e^ Experience of one lo 
two years in areas of process planning and tool derign for conventional 
machine tools is commonly requir^ berause much training in part 
programing assumes th is background, as well as knowiedge cf machine 
shop practices and metal-euuing procedures. 

Intensive training courses in contour-path and multi-axis slraighl-ort 
and point-to-point part programing, oriented toward persons with the 
above background, rarely exceed two to three weeks in duration. These 
courses usually’ are directed loicard one make or type of machine and 
control, or part programing language. Close supervision and guidance 
by experienced part programers for the next three months is usually 
necessary. One year of experience is required to achieve adequate 
productivity and Yfcrsatility, and meet high standards of accuracy. 

As with many relatively new occupations, employer requirements have 
varied widely. At first, higher mathematics seemed to be a “musL’* As 
employers gained experience with complex numerical mschining, they 
assigned workers with mathematical training only through high school 
trigonometry to continuous-path part programing. Th»s did not prove 
to be satisfactory, except where the size of the installation pennilied 
job breakdown, with these workers being ^ven only the simpler assign- 
ments while they continued their education in mathematics on a part- 
time basis. Now. however, selection factors are becoming more standard- 
ized. Mathematical preparation at the level of analytic geometry, vector 
analysis, and matrix algebra, is regarded as very desirable, if not* 
necessary. 

The increasing capabilities — and availability — of digital computers do 
not reduce the need for mathematical preparation. Computers, and the 



ircrccsrjglj" ispzl Izzx^az^t »r;’h itey are addressed, 

oaly reberc vcilcers of carh ledioas. taanaai e^npalal 5 if 3 - Coaspaler 
progian:5 for pail pro^rscn prseeficag are beconb:^ iacreasissly Sejdile 
zsd poweifiaL Tl:fise fa.'iors aiafee advanced isaiia'csaljcs even more 
ceoessaiy th a n before^ because ibe part pro^nimer more frcijuctiljy <*an 
seled from an array of allercailves in prejxaiiag maificmaiScaJ-geonscliic 
descriplions of coapfcc workoiece suriaces. 

In snilallallons wrbere part pxcinarsers p«f«*na addflSosal dul5es of 
€3oajpaler programisj;. sccb as nccIScalfon of ccopulcr posl protessors 
lo adapt to ceK madiine tool capabiblies. additional fcadcgron:^ leqaire- 
menls of an engin eer ing and ‘■cienliEc progranicr sjojinally are applied. 
Hxse indnde training for voikers to bcconse faTnilisr uilb al ieasl one 
olass or type of digital computer, and ifillj one or more srompnier 
programing languages. 

WORKER TRAITS 
Aptitudes: 

Verbal ability to learn specialized, symbolic part programing 
langraages, discuss problofs of inlcipxeialion a^d madiinabilily 
■witb perscnndl in dcagn and meibods engineering, and prepare 
■wiitlen inslradions for vorkezs in areas of tooling, fixluring.- and 
machine setup and operation. 

Numerical aidiity at lerel of Irigonomfiiy, analytic geometry and 
caltulus to compr^end functions of numerical control system 
and prepare part pre^rams. nfsibemalics at lerel of vector analv:d 5 
required to select from alternative part programing methods, and 
achieve optimum balanec of part pr^^jraming, computer process- 
ing, and machining time. 

Spatial ability to visualize rrorkpiece from engineering drawings 
and define as series of geometric surfaces, plan machining se- 
quences and avoid tool collisions, and procedure tooling, fixlur- 
ing', and setup sketches. 

Form perception to see pertinent dtfails, and distinguish sirmbols 
on •m^eeiing mechanical drairings and sketches. 

Qeifcal perception to identify numbers, letters and ^mbols, and 
learn and retain Fnglish-like words that may number in the 
hundreds for a single part programing language. 

Inf«r«s«ts: 

A preference for activities that are technical in nature to use 
mathematics to convert design data and drawings into format 
that permits numerical madiinmg. 

T«mp«r»m«nfs: 

Must adjust to a variety of activities such as resolving questions 
of design intent, determining suitability and avaiiability of stand- 
ardized tooling and fixturing, analyzing alternative part program- 
ing metl'ods and machining sequences, and reviewing computer 
output during the course of a single assignmenL 

Must adjust to making decisions on a judgmental bas’s when 
using past cxijeriencs to select best part programing techniques 



zad scqzGxe cf rnzdiixiisg cycles z=d ihtv^hv save tirie asd cost 
of isvTsljgzling zllemalive n^l^ods, 

Musi zdjiisl lo coafomiing lo accepled fjasdards sa recc-rdiag 
pxoccssing flzl«secl 5 ia spcds&sd part prograraag language, 
ia zdteriag lo rtaadaidized coneaclaliiTe wEea prcpaiing selap 
iaslruclioas for opeiaioxs, and ia ccmpljiag «iih esiabli^ed 
Esadaae feedrale and speed convealioas. 

f»iiysicail Demands and 
WorKing Conditions: 

Work is sedenlary, rcgaiiing occasonal lifllag ard cairyiag of 
handbooks and r^annals sttdom caLceeding Etc pounds. 

Frequenlly handles pencils, re&ncncc lables. and code ^eds lo 
idenlify and record machine commands and olhcr dala on process 
dsncsciipls* 

^ear visual acuity and accommodation to analyze mechanical 
draifings and select and port alphabetical, numeiicaL or special 
;qrffibols in «)rrect s^uence or location on vork shecls- 

Work is perfoimed insde. 



PART PROGRAM ER, 
NUMERICAL CONTROL II 

007.187 

i>oinWo-ooint end <lra3ghl-o:l part prograiacr: process plaimcr, mimcrica! 
coiiiioi; piogramcr, nun:erica! conlrol 

OCCUPATIONAL OEFINITfON 

Writes pait programs defiiaiag sclap. loolmg, and nature astS sequence 
of numerically controlled machine fool operations, lo m a c hin e parls as 
specified on en^ccring drawings and sketches, by applying knowledge 
of machining practices and ^op methods: Studies dcsi^ dala and draw- 
ings lo dctenninc intent of designer, and visualize workpiece configuration 
and setup location and orientation on machine loo!. Designates base point 
for machining when not specified, by applying knowledge of numerical 
machining practices. Conv^erts dimensional dala on drawings to base point 
reference, by using mathematics at lercls of arithmetic- geometry, and 
trigonometry, when conventional rather than carlesian-coordinalc drafting 
practices are used by workpiece designers. Tlans sequence and nature 
of machining procedures utilizing familiarity with capabilities and limi- 
tations of specific numerically conlroll^ machine loo! such as horizontal 
boring and milling machine or vertical turret lathe, and knowledge of 
shop pra^ices and physical properties of materials. Writes detailed, 
sequential statement of macliine commands and operator instructions, 
using specialized language^ syrobeLs and < usually I planning sheets, lo 
specify lection and orientation of workpiece and fixluring- and other 
factors such as tool path and dimensional tolerance data, feedrates and 
speeds, size and type of cutting tools, movements of machine table, and 
programed machine slops for inspection or tool changes. Uses desk cal- 
culator with square-root generator, or input-output terminal lo remote 
computer, in order to simplify computational tasks. Develops tool path 
sketches to plan milling procedures and assure dcaranccs when part is 
machined. Prepares tooling and fixturing sketches and specifications. 
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ctieds uf srd prejarr* f^paislc. atlrfrialcd 

operai«r cisznij^Tijjl, ishcn delaaJcd pro-ccss sietis arc koI cscd c»a maciuae 
Eoor. 

Reviews c4?S3p!eled process manasciijls i-rspared Ly self, or laoss- 
clicdcs liose of oltcrs- !o Aiecl aad correH e*rori=. Ronles trrorcss sictls 
:*i coE3p:ulcr rexicr or rJcifcsJ poc*L for prepairiBoa of eompaler-pria'ird 
or typed copy, ard paper or naa^rclic tape used to coslrol macJiiae looL 
Reviews rciarscd ropy, asd cross--er 2 £es wiili ori,^iiaL in £nal effoil to 
dried and coned iJail pr<»graiEiiag ard processing enors before release 
to nianafadaring groap. Reads trade lilaaiare to keep infonsed on 
improiwncDls in cquipmcnl. and processing and mannfadaring tecbniqnes. 

3Iay obscnc machiniag of first part wilb cnprtrtcn tape wten omnciical 
ccnlrol inslallalion »s new and personnel relalivcly inexpcrs« 3 ced, or 
wben cnusaal ina'bining problems are anlidpaled. May confer wilb 
design personncL applying specialised knowledge of namcrical control 
to delennine prodact maclanabiliiy, and saj^csl changes in design and 
drafting pradices. May develop or refine time and cost data as by-prodad 
of part program, to eliminate dapliciiion of eSfort by indasliiai cn^neer- 
ing department, ilay organize training mateiials and indrad in part 
programing and operation of namerically controlled machine tools. May 
ori^nnic or modify compatcr programs and roatines that simplify part 
programing. May specialize in part programing for dn^e type, 

or group of related machine tools, or in specific part programing language 
and format, and be designated accordingly. 



EDUCATION, TRAINING, AND EXI>ERIENCE 

Jlinimum requirement usually is hi^ school or vocational school gradu- 
ation. Experience of one to two years, or more, as sdup-operator of 
machine tools on short runs that expose worker to diversity of machining 
problems, is a frequent additional prerequisite. Some employers prefer to 
temporarily assi^ workers scicded as part programers to positions as 
rate sellers and routers for conventional machine tools for six months to 
one year, to gain added background in company standards, meihods, and 
manufacturing problems. Graduates of two-year mechanical technology 
courses frequently arc seleded in preference to fully experienced opera- 
tors or machinists, though sometimes this is because their academic 
training is more recent. .V few employers who Iiave had several years 
of experience in personnel selection for numerical control stated they 
regard successful completion of courses in tool design as the most ellcctiie 
predictor of probable success as a part programcr. Formal, intensive 
classroom training in part programing for a single type of machine and 
control system rarely exceeds one to two weeks, but approximately one 
year of experience is required to acliieve average productivity and meet 
stringent standards of accuracy. 



Sometimes, workers without any machine shop or related background are 
selected on the basis of aebievement in advanced mathematics (wbicli is 
regarded as evidence of adequate aptitudes for part programing, such as 
spatial perception | ; almost invariably, Uiese ivorkers are assigned rela- 
tively simple part programing tasks for the least complex maciiinc tools 
for three to six months or more. Where ihLs technique of Job breakdown 
is applied, the worker often has to spend about three months in the .laop 
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i • ' ■■‘.-i'Ire s vi* ■ ' i.«» . a Issckgwirid in i^p pradice» 

in, and '***^ 1 “'- ^iss w*^i5c as a }?arl proaramer. 

In inslallal^tjnjf '«!*’« tar* r ^'SJZtTS perform addilional dnlies of 
compiler programinj, • _ % _ modificalion of comp-uler post processors 
to adapt to new ma<-Hse tool rap:d)j]Ilies. additional badigronnd require- 
ments of an en^eeiing and scienli^c pix>sra!ncr Eoiraaily are applied- 
These isclnde training for woii^s to Leromc familiar with at leai« one 
class cr type of distal compiler, and with one or more ccrrpnler 
programing langsages. 



Aptitudes: 

Verbal ability to confer with engineering and operating personnel 
about diiEciJIiics in design snieiprtdalion. part progra min g and 
machining, and to write concise, unambiguous instructions for 
machine opcaalor. 

Xumericai ability at !ercl of sfc'-p arithmetic, geometry and Irig- 
onomeliy to write part programs; and con-decimal arithmetic and 
Boolean algebra to comprehend funrtions of numerical control 
«gr-« 3cm- and read perforated machine control tapes and binary 
machine display li^ls. ilalhcmatics at level of analytic geometry 
can be necessary when product mix of organization includes 
sophisticated work shapes. 

Spatial ability to visualize raw and finished part from engineering 
drawings and sketches, avoid tool collisions, envision detailed 
sequence of machining cycles that will produce part most eS- 
ciently, and produce tool lay-up and s^up sketches. 

Form perception to see pertinent details, and distinguish symbols 
on drawings and sketches. 

Clerical perception to identify, rcccrd ar:d verify nurrrhers, letters, 
words and special symbols that make up machine commands of 
part programing language. 

Interests: 

A preference for activities of a technical nature to cope with wide 
range of processing problems, and keep abreast of rapid changes 
in techniques of part programing. 

Tempersmsntsi: 

Must adjust to siluations requiring tire racking of decisions on a 
judgmental basis, using past experience and knowledge to select 
best sequence of machining cycles without liming out alternative 
methods, and incorporate portions of previously prepared part 
programs to reduce time and cost of preparing manuscripts. 

Must adjust to situations requiring the making of decisions on a 
factual basis, as when assigning feedrates and speeds previously 



foiurd lo provide oplinium IbalarciC of scrii fzclcrs as accuiacies 
and siirfa«*r firistsf. niarbining lime, and lool life. 

Pfiysical Oamands and 
Wok icing Conditions: 

ISork is scdenlary. rojuiiing oecs?ii»nal lifting and cairyi:^ of 
fcandljooks and marmals sc3dt»m exceeding Sve ponnds. 

Fregnenlly handles pencils, reference laLIes. and code sheds to 
identify, and record machine commands and other data on process 
mannscripls. 

Acar lisnai acjity and accommodation lo analj'ze mcchanica! 
dnwrings and ''ded and post alphabciicaL rmmeiicaL or special 
symbols in correct seijnence or location on work sheets. 

Work is performed inside. 

TOOL PRESETTER , 
NUMERICAL CONTROL 

6C9^84 

tool prcseller; loci sel»jp mam numerical control 

OCCUPATIONAL CEFINITfON 

Assembles and presets cutting tools at location away from machining 
area prior to job runs, by following written insirueiions, dmits. and 
tooling sketches, and using preselling blocks, gages and instruments, lo 
reduce setup lime of oparators: Studies tooling sketches and scans process 
manuscripts or operator insiruclioms *o deJenninc tooling rcqmrements. 
Selects from inrentoiy and manually assembles specified tools, tool-holders 
and adapters, extensions, and tool coding rings and rpacers. Sets length 
and 'diameter of such tools as boring bars, within prescribed tolerances, 
by use of such devices as toolblodK with dial gages, and instruments 
such as comparator-type optical, and opiicai-clctSronic precLrion pre- 
setting machines. Inspects and substitutes other cutting tools for those 
that arc worn or chipped. Manually stamps coding kej's, used on some 
auiomatic-lool-chan^ng machines to identify specific tools, by referring 
to manuscript and master tooling chails. and turning dials and depressing 
lei’cr on manual key penciling device. Attaches keys to preset tools. 
Arranges all tooling for each job, and places in tool cart or tote pan 
with accompanying packet of written data, and program tape, for routing 
to machine floor. 

May use bench-mounted «imuIalors that duplicate machine components 
such as turret heads, to simplify tool preselling and verify cutting lool 
clearances. May preset tools for conventional (non-nnmerical control! 
machine look. May keep inventory and disbursement records, and prepare 
requisition forms. May operate grinding machine to sharpen metal-cutting 
took. 



EDUCATION, TRAINING, AND I 

Graduation from a high school or vocational school with course-s in 
machine shop practice-s and procedures is the usual educational require- 
ment when hiring entry workers. Some employers regard successful 
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et»ixipl<‘li'^n of 5rI:<»oJ rourfcs in EECcirujicai drawing as eridcncc of 
adffjualc mffscInmEcal and olter aMilrdcs for iHs. as Kdl as many olter 
?!:&p jol»s, .\biI3ly — ^and willingness — lo read and follow delailed inslrcc- 
lions esuidly, are essential lo adequate job pcrfonnancc. T rainin g lime 
varies widclv, Lecause of varying background of workers selected for 
Iraining, and range of compleacity of presetting instruments in use. 

Some background in use of inspection instruments is regarded as 
particularly desirable: many tool preselling gages and instruments arc 
adaptations of conv-'^tiona! insj)eirlion devices lo meet ike new purpesc. 
raiber th a n completely new instruments. Thus persons wiib experience 
in shop inspedion. or in checking cut ibeir own work as machine hands, 
normally require less extensive Iraining lo become competent in tool 
presetting. 

WORKER TRAITS 
Aptitudes: 

Verbal ability lo read written and oral instrudions. and abbrevia- 
tions. and to cr-mmunicaic with supervisor about problems, such 
as lack of specified tooling and ne^ lo improvise from other 
components. 





Tool Presetter 
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Xuirerical abjJily ai Icicl of decimal arilhmelic lo comprehend 
preselling inslradZons. inlcri^rel scales and gages, and code Soiling 
for numerically conlrollcd aulomalic-loyl-changing machine tools. 

Spalial abilily to visualize componcnls and asscmb!«l- composile 
tooling from tool layup sketches and vrilien specificalions. 

Oerical perceplion to nolc pcxtincni delail in piinlcd and wrillcn 
inslixctions, and to compare \isual indications of tooling dimen- 
sions wilh original data, in order to delect errors. 

Motor coordination and manual and finger dcxtcdiy to assemble, 
and preset tooling accurately with use of gages and preselling 
instruments, ilusl work rapidly to adhere to schedules, to permit 
minimum tooling inventory and prevent unnecessary machine 
downtime. 

lnf«r«sfs: 

An interest in activities concerned with machines, processes and 
techniques to use a -wide range of tool presetting gages and instru- 
ments. 

A preference for activities of a routine and organized nature to 
follow detailed tool layup instructions. 

Tttmp«r3m«nfs: 

Must adjust to working within prescribed tolerances, with zero- 
error standards of performance applicable; an error can cause 
scrapping of workpiece, damage to fixture or machine tool, or even 
sexere injury to a machine tool operator. 

Pfiysical D*m3nds and 
Working Conditions: 

Work is light, lifting tooling and manually positioning and assem- 
bling culling tools, holders and extensions, seldom weighing more 
than 20 pounds. Has helper, or uses hand hoist or job crane, when 
handling heavy, oversize tooling. 

Walks intermittently within work station which may be in central 
toolroom, tool crib, or area adjacent to numerically controlled 
machine took, to select and organize tooling components. 

Reaching, handling, fingering and feeling, to work with precision 
g ages and controls of presetting machines. 

Near visual acuity and accommodation, to read manuscripts, charts, 
and sketches, and use gages and presetting instruments. 

Work iS performed inside. 

VERTICAL TURRET LATHE 
OPERATOR, 

NUMERICAL CONTROL 
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OCCUPATIONA2. OEFlNITIOfl 

Sels up and operaies nan:erica!!ly c&nlroUcd veiircai turret lalfccs, Ic 
J*ore. turn, and face compJex workpieces: Studies process sheets. Llne- 
piints. and tooling spcdhcalions and ^arts to detenaine sequence of 
operations, organize work activitieSj and set machine controls. Attaches 
chucks or blocks to macljine table, or attaches fixtures as specified on 
ijstruaions. by use of wrenches. Signals crane operator and instructs 
crane heifers, or uses hoist to position large-diameter workpiece, and 
shims until level. Secures workpiece to fixtures and macljine *ahle by 
using wrenches. Reads micrometer dials and uses Allen wrenches to 
set tool stops at positions specified on setup instructions. I^ads and 
fastens preset tooling in turret and ram beads on crcssrail and siddteads^ 
Inserts tape in read unit, and turns and depresses swit'‘hes to bring head 
into position, sets machine zero point and initiates first cut. 

Inspects each cut of first workpiece, using micrometers and gages, and 
applies knowledge of machining practices to compensate for such factors 
as tool deflection, misali^iment and wear on succeeding pieces, by turning 
tool ofiset dials on control console. Repeats cut, by depressing repeat 
button, to attain specified dimensions. Removes and replaces workpieces 
at end of machining cycles. Monitors fuU*automatic operation of machine 
on subseguenl workpieces of production run, d adjusts controls such 
as feedrate and tool ofiset dials in order to compensate for workpiece 
hardness and size variation- Notifies foreman of operation diEBcuItics, 
of any action taken to override tape, and reason for overriding. Assembles 
tools, holders and extensions for next job, presets tooling ofi machine, 
on tool setting gag^ and spot-inspecis and deburrs pails while machine 
operates automatically, in order to reduce machine downtime. 

May keep written records of operating and downtime, and of changes 
in machine and tool settings required to produce parts satisfactorily. 
May operate machine on dry run before machining first piece with 
unproven tape, by comparing machine moves to manuscript and conrole 
display data, in order to detect gross positioning errors in part program. 
May operate machine manuaUy by methods similar to conventional ma- 
chine operation, to incorporate changes in standard-part tape, or when 
part program and tape have not been prepared. 



EDUCATION, TRAINING, AND EXPERIENCE 

High school or vocational school graduate preferred, with courses in 
the machine trades. Because of machine and workpiece size and com- 
plexity,^ many employers require trainees to have had one to two years 

^ Vertical turret lathe and boring mill workpieces normally are large and 
complex. They can be awkward to handle, and to set tooling for, because 
of irregular shape or overhangs. Because of this, or the way the job 
must he run because of machine design, the operator sometimes has. to 
exercise considerable ingenuity in inspecting his workpieces. A considerable 
variation in workpiece size — ^and hardness — is typical of parts to be pro- 
duced on these machines. Thus, many employers prefer to assign operators 
with extensive training and experience on conventional machines so they 
can better recognize potential machining problems. Often, these men are 
given full authority to override the tape. Some positioning-type machines 
have as many as fifty trimmings potentiometers (trim-pots) that are used 
to compensate for such factors as tool wear, deflection and misalignment 
on repeat operations. 




Vertical Turret Lathe 



or more of on-lhe-job, shorl-run work experience on other conventional 
machine toob, including radial drill presses and/or horizontal boring 
machines., Same employers refjiiire completion of machinist apprenticeship 
or equivalent in experience because of machine versatility, and wide 
range of machining problems that arc encountered when performing 
multiple and often simultaneous operations on large-diameter workpieces- 
Extensive shop background is regarded as especially necessary when the 
operator is required io do considerable prototype machining, and when 
-he operates machine-and-control systems capable of contouring, or 
threading and taper tti-ming. 



WORKER TRAITS 
ApfitudM: 



Verbal ability to comprehend written setup and operating instruc- 
tions, and explain operating problems and malfunctions to foreman, 
maintenance and part programing personnel. 



Numerical ability at level of arithmetic, to add and subtract 
decimals in order to inspect parts — scratchpad computations are 
necessary when indirect measurements have to be taken. Division 
of decimals by two is required to set dial-type trimming potenti- 
ometers accurately. While not always a requirement, an under- 
standing of binary mathematics is almost necessary to understand 
how the numerical control system operates, explain operating diffi- 
culties, and interpret binary-coded-decimal tape commands. This 
can be learned on the job, however, and jnost operators keep a 
conversion chart in their machine area, so it is available for ready 
reference, to identify tape feeds, speeds, and position commands. 
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Spalial abiliiy to inlcipret tool layap drawing?, and part blnepiiais 
and skelches. 

Clerical pcrccplion to perceive pertinent detail in wnuen setup 
and operating instructions, and recognize alpliabelic and nuaenc 

symbols. 

dexterity to use inspection and tool selling inslrumMits, 
and fcandtools. 

Interests: 

A preference for working with macHnes and processes to sei up, 
operate and monitor the equipment that comprises the machme- 
and-contiol system- 

interest in activities of a concrete and organized nature to op^te 
machine according to specific, detailed, and sequential instructions. 



Te. np*ram«rris: 

Must adjust to a variety of tasks requiring frequent change duimg 
time machine is operating under tape control, to hold machme 
downtime for inspection checks and change^rvers to a mmimum. 

Must have disposition to follow, without deviation, written instruj 
tions, charts, and tooling sketches, that not only de^rae his woi^ 
activities but often prescribe the sequence in which they must be 



Physical Dsmand* and 
Working Conditions: 

Strength requirement is medium, involving infrequent stooping or 
crouching when setting up and inspecting workpiece. Lifts, in^rls 
and secures cutting tools, clamps, and risers seldom exceeding 

30 pounds. 

Stands and walks frequently when monitoring machine. 

Near visual acuity and accommodation to follow detailed 
manuscript, monitor machine performance, and interpret Jig ts an 
sequence number displays on control console. 

Work is performed inside. 



DEFINITIONS 




APTITUDES : Specific capacarics and abililies required ci an individual 
in order to Icam or perfona adequately a task or job duly. 

IJiTELLIGENCE: General learning ability. Tihe abiliiy to *‘ealcli 
on” or understand inslmclions and underlying piinciplcif. Abiiiiy 
to reason and make jadgmenis. Closely relaled to doing vrell in sebook 

VEBDAU: Ability to understand meanings of voids and ideas 
associated wltb item, and to use them cifectivcij. To compr^end 
language, to understand rdaiionsaips Lelifccn words* and to under- 
hand meanings of whole senlcness and para^apbs. To present 
infoimaticn or ideas dearly. 

NUMERICAL: Abiliiy tj perform arithmetic operations quiddy 
and accurately. 

SPATIAL: Ability to comprdiend forms £n space and understand 
relationdiips of plane and solid objects. May be used in such tasks 
as blueprint reading and in solving geometry problems. Frequently 
described as the ability to “visualme” objects of two or three dimen- 
sions, or to think visually of geometric forms. 

FORM PERCEPTION: .Ability to ^rcciva pertinent detail in 
objects or in pictorial or graphic material; to make visual compari- 
sons and discriminations and see slight diSerences in shapes and 
shadings of figures and widths and lengths of lines. 

CLERICAL PERCEPTION: .Ability to perceive pertinent detail 
in verbal or tabular material; to observe difierences in copy, to proof- 
read words and numbers, and to avvid perceptual errors in arithmetic 
computation. 

MOTOR COORDINATION: Ability to coordinate eyes and hands 
or fingers rapidly and accurately in making precise movements with 
speed. Ability to make a movement response accurately and quickly. 

FINGER DEXTERITY: Ability to move the fingers and manipulate 
small objects with the fingers rapidly or accurately. 

MANUAL DEXTERITY: Ability to move the hands easily and 
skillfully. To work with the hands in placing and turning motions. 

EYE-HAND-FOOT COORDINATION: Ability to move the hand 
and foot cocrdinaiely with each other in accordance with vfcual 
stimulL 

COLOR DISCRIMIN.ATION: Ability to perceive or recognize 
similarities or differences in colors, or in shades or other values of 
the same color; to identify a particular color, or to recognize har- 
monious or contrasting color combinations, or to match colors 
68 accurately. 




INTERESTS: pTciexesccs !or coiaia ivpes cf vork zdhilies or expeii- 
cEoes. ifllh a^oinpaujiag rejeclioa of ccnlraiy lypes of ccdrilies or 
<3cptx:tBcies. Fii'c p^rs of isieresl farlors arc prciid^ so llial a pesiiivc 
prefcrcEce foj oae fac*or of a pair also iaplies rcjcdion of lie olLer 
faclor of liial pair. 



LSluaiioas inrolviag a pref- rs. 
«rcnj?c for adiviiies dealing 
wilh iHngs and objects. 



6.Su*al:ons inroliiag a pref- 
erence for atomises con- 
erroed wilb people and ibe 
commiiaicalson of ideas. 



2.Silnalions inrolving a pref- 
erence fer actirilies involv- 
ing business coniad with 

people. 

3-Siluaiions involring a pref- vs. 
crence for adiviiies of a 
ronlin^ concrde» organized 
HElurcL 



7- ^iinalioiis involving a pref- 
erence for adiviiies of a 
sdenliCc and technical na- 
ture. 

8.Silualions involting a pref- 
erence fer adiviiies of an 
abstract and creative nature. 



vs. 



4.Situalions involving a pref- vs. 
crence for vrorlcing for peo- 
ple for their presumed good, 
as in the social vrdfaTe sense, 
or for dealing wilh people 
and language in social silu- 
alions. 



9.Silualions involving a pref- 
erence for adiviiies that are 
nonsodal in nature, and are 
carried on in rdalion to 
processes, roachlr.es, and 
lechnigues. 



5. Situations involving a pref- vs. 
erenee fjr adiviiies result- 
ing in preslige or the esteem 
of others. 



0. Situations involving a pref- 
erence for acUdties result- 
ing in tangible, produdive 
satisfaction. 



TE3IPERAIHENTS: Different types of occupational dtuaiions to which 
workers must adjusL 



1. Situations involving a variety of duties often charadeiized by 
frequent change. 

2. S'tuaticns involving repetitive or short cycle operations carried 
'out ac<xrding to sd procedures or sequences. 

3. Situations involving doing things only under specific instrudion, 
allowing little or no room for independent action or judgment in 
working out job problems. 

4. Situations involving the direction, control, and planning of an 
entire activity or the adiviUes of others. 

5. Situations involving the necessity of dealing wilh people in actual 
job duties beyond giving and receiving insiructions. 

6. Situations involving working alone and apart in physical isolation 
from others, although the activity may be integral^ with that of 
others. 

7. Situations involving innuencing people in their opinions, attitudes, 
or judgments about ideas or things. 
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8. 5*ilsiil;c*ns involring performing adeqnnlcly landcr slre&s wten 
confronled wili lie crilical or unexpesled or vhen taking nsi*. 

9. Silnalions involving lie tvalnalion laniiing al generalizalions, 
jndgmenls, or deasionst of infonnalion against £ens<:-iy or jndg- 
mcnial criieria- 

O.Silnalions involving lie evalualion f arriving al generalizaliong. 
jrdgmenls, or dedrionsf of infonnalion agais^ measuiailc or 
verifiable crilcria. 

X- Silnalions involving tie inierpreialion of feelings, ideas, or facts 
in lennsof personal viewpoinL 

Y. Silnalions involving the precise allainmcnl of sd limils, to lerances. 
or standards. 



PHYSICAL DE5IANDS; Those physical adiviiies required of a •woricer 
in a job. Hjc physical demands referred to serve as a means of expressing 
bolb. lie physical reqairemenls of the job and the physical capaciiies 
(specific physical trails) a woiker musi have to meet ibe requiremenls. 

1. Lif t ing , Carrying, Poslimg, and/or Pulling (Strcnglli). These 
arc the primary “strength’’ physical requiremenls, and generally speak- 
ing a person who engages in one of these activities can engage in alL 
Spedfi»-ally, each of these activities can be described as: 

(1) Lif t in g: Raising or lowering an ohjcd from one levd to another 
(includes upward pulling). 

(2) Carrying: Transporting an object, usually holding it in the 
bands or arms or on the shoulder. 

(3) Pushing: Exerting force upon an object so that the object moves 
away from the force (includes slappmg striking kicking and 
treadle actions) . 

(4) Pulling: Exerting force upon an object so that the object moves 
toward the force (includes jerking). 



The five degrees of this factor (Lifting Carrying Pushing and/or 
Palling) are: 

Sedentary "Work: Lifting 10 lbs. maximum and occasionally lifting 
and/or carrying such articles as dockets, ledgers, and small took. 
Although a sedentary job is defined as one which involves silling 
a certain amount of walking and standing is often necessary in 
carrying out job duties. Jobs are sedentary if walking and standing 
are required only occasionally and other sedentary criteria are meL 

Idght Work: Lifting 20 lbs. maximum with frequent lifting and/or 
carrying of objects weighing up to 10 lbs. Even thou^ the weight 
lifted may be only a negligble amount, a job is in this category 
when it requires walking or standing to a significant degree, or when 
it involves silling most of the time with a degree of pushing and 
pulling of arm and/or leg controls. 

Medium Work: Lifting 50 lbs. maximum with frequent lifting 
and/or carrying of objects weighing up to 25 lbs. 

Heavy Work: Lifting 100 lbs. maximum with frequent lifting 
and/or carrying of objects weighing up to 50 lbs. 

Very Heavy Work: Lifting objects in excess of 100 lbs. with 
frequent lifting and/or carrying of objects weighing 50 lbs. or more. 



2. Climbing and/or Balancing. 

(1) Climbing: Ascending or descending ladders, stairs, scafFold- 
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lie feel acd I«^ 



inj: rajiiji!=. indr?. r*»j‘cf, ard ll:<* likr. sirfng 
ard/or hards ard ann^=. 

(2) Balancing: Maiclainiag !>*>dy eqxnhhn-sxa lo prererl falling 
ivlifTi walking, landing. cr&n«*Iung. or nanning on narrow. 

or erralically rco«ng <nrfacr«; ©r mainlalning body 
equilibrium when performing gymnaisljc feals. 

3. Stooping, Kneeling, Crouching, and/or Crawling. 

(1) Stooping: Bending the body downward and forward by 
bending the spine al the waisl. 

(2) Kneeling: Bending the legs al the knees to come to rest 
on the knee cr knees. 

(3) Cromiing: Bending the body downward and forward hy 
bending the and spine. 

^i^aicling: Moving about on the hands and knees or hands 
and fe^- 

4. Reaching, Handling, Fingering, and/or Feeling. 

(1) Reaching: Extending the hands and arms in any direction. 

(2) Handling: Seizing, holding: grasping turning or olhcrwise 
working with the hand or hands (fingering not involved ) - 

(3) Fingering: Picking pinching or olhcrwise working whh 
the fingers primarily (rather than with the whole hand or arm, 
as in handling 

(4) Feeling: Perceiving such attributes of objects and materials 
as sjze^ shapg temperature, or lexturg by means of receptors 
ia the skiOj particularly those o£ the finger tips- 



5. Talking and/or Hearing. 

(1) Talking: Expressing or exchangng ideas by means of the 
spoken word. 

(2) Hearing: Perceiving the nature of sounds by the ear. 

6. Seeing: Obtaining impressions through the eyes of the shape, size. 

distance morion, color, or other ciiaracterislics of objects. 

The major visual functions are defined as follows; 

(1) Acuity, far: clarity of vicion at 20 or mnr/» 

Acuity, near: clarity of vision at 20 Inches or less. 

(2) Depth Perception: three dimensional vision. The ablHiy 
to judge distance and space relarionships so as to see objects 
where and as they actually are. 

(3) Field of vision: Uie area that can he seen up and down 
or to the right or left while the eyes are fixed on a given 
poinL 

(4) Accommodation: adjustment of the lens of the eye to 
bring an object into sharp focus. This item is especially 
important when doing near-point work at varying distances 
from the eye. 

(5) Color vision: the ability to identify and distinguish colors. 

WORKING CONDITIONS: the physical surroundings of a worker in 
a specific job. Also known as Environmental Conditions. 
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1. Inside, Outside, or Both. 

I Inside: Pn»lc»rlif'n from wrcalfcer cctndhiops. bnl col necefisaiiljr 
from lemperalurc changes. 

O Outside: X« efJeclirc prolccli*,*n from weather. 

B 'Both: Inside and oulsidc. 

A job is considered "^inside"' if the worker spends approxunalclv 
75 per cent or more of hLs time inside, and “‘onlside*’ if he spends 
approximalcK" i5 per cent more of his linae outside. A job is 
considered “hoih"' if the activities occur inside or outside in 
approximately equal amounts. 

2. Extremes of Cold Plus Temperature Changes. 

CD Extremes of Cold: Temperature sufficiently low to cause 
marked bodily discomfort unless Ujc worker is provided with 
exceptional protection. 

C2) lemperaturc Changes: Variations in temperature which 
are sufficiently marked and abzupl to cause noticeable bodily 
reactions. 

3. Extremes of Heat Plus Temperature Changes. 

(1) Temperature sufficically high to cause marked bodily dis- 
comfort unless the worker is provided with exceptional 
protection. 

(2) Temperature Changes: Same as 2. (2). 

4. TVet and Humid. 

(1) Wet: Contact with water or other liquids. 

C2) Humid: Atmospheric condition with moisture content suffi- 
ciently high to cause marked bodily discomfort. 

5. Noise and Vibration. 

Sufficient noise, either constant or intermittent, to cause marked 
distraction or possible injury to the sense of hearing and/or sufficient 
vibration ( production of an oscillating movement or strain on the 
body or its extremities from repeated motion or shock) to cause 
bodily harm if endured day after day. 

6. Hazards. Situations in whicli the individual is exposed to the 
definite risk of bodily injury. 

i - Pumes, Odors, Toxic Conditions, Bust, and Poor Ventilation. 

(1) Fumes: Smoky or vaporous exhalations, usually odorous, 
thrown off as the result of combustion or chemical reactions. 

(2) Odors: Noxious smells, either toxic or nontoxic. 

(3) Toxic Conditions: Exposure to toxic dust, fumes, gases, 
vapors, mists, or liquids which cause general or localized 
disabling conditions as a result of inhdation or action on 
the skin. 

(4) Dust: Air filled with small particles of any kind, such as tex- 
tile dust, flour, wood, leather, feathers* etc., and inorganic dust, 
including silica and asbestos, which make the workplace un- 
pleasant or are the source of occupational diseases. 

(5) Poor Ventilation: Insufficient movements of air causing a 
feeling of suffocation ; or exposure to drafts. 
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GLOSSARY 



ACCURACY: The d<^ec of cxacluess of an approximalion or measure- 
njcnl. High accuracy thus iinplics low error. Accuracy nonaaJly oeaolcs 
quahiy of coinpuled rcsuiis; precision usually refers to the am-iunl ol 
deiail used in rcpresenling those results. Thus, four-place r^ulis ^e Ic^ 
precise than six-place resulis; neicriheless a four-place table might be 
more accurate than an erroneously computed six-place table. 

AD-VPTIVE COJVTROL: Descriptive of systems which represent an 
^tension of closed loop, feedback control, in that performance of 
machine, process, or olber conlrollcd objc<^ is oplimized- ralhcr ^an 
merely corrected. At present state of devclopm^l, most adaptive machine- 
tool controls are special-purpose systems which sense tool torque and 
optimize feedrates and speeds for small-holc drilling of extremely hard 
substances. Synonymous with scif-optimiang control. 

AUTOSIATIC DR-%FTJNG SLACEHNE: .A sophisticated X-Y 

PLOTTER, usually used in mnjunrfirtji with a cemputer, wh!'‘h nroduMs 
graphic output fiom numerical input. Frequently capable of printing 
letters, numbers, and symbols as well as drawing and scribing lines 
curves! Useful in areas such as design analysis, engineering mechanical 
drawin*' preparation, and cuUer center-path verification for numerical 
machining- Contrast^ with DIClTIZiXC MACHINE 

AUTOMATION: Production by devices or machines which are self- 
acting with respect to predelennined processes. 



BASELINE DBIENSIONTNG: Descriptive of designing and part 
drawing technique of recording dimensions as distances from a base 
which may be outside the part,ln order to reduce duplication of effort and 
simplify mathematical tasks of numerical control part programers. 

BINARY: A characteristic, property, or condition in which there are 
but two possible alternatives; e-g., the bina^^ number system using two 
as its base and using only the digits zero (0) and one (1) . 

BINARY CODE: (1) A coding system in which the encoding of any 
data is done through the use of bits; Le., 0 or 1. (2) A code for the ten 
decimal digits, 0, 1, . . . , 9 in which each is represented by its binary, 
radix 2, equivalent; i.e., straight binary. 

BINARY CODED DECIMAL: A decimal notation in which the indi- 
vidual decimal digits are represented by a pattern of ones and zeroes; 
e-g., in the 8-4-2-1 coded decimal notation, the number twelve is repre- 
sented as 0001 0010 for 1 and 2, rrspectively, whereas in pure or straiglu 
binary notation it is represented as 1100. 

BINARY CODED DECBIAL NOTATION: A method of representing 
each figure in a decimal number by a four-figured binary number. 

BIT: (1) An abbreviation of binary digit. (2) A single character in a 
binary number. (3) A single pulse in a group of pulses. (4) A unit of 
information capacity of a storage device. The capacity in bits is the 
logarithm to the base two of the number of possible states of the aevice. 

BLOCK COUNT READOUT: Optical numerical display of the number 
of control tape blocks processed by a numerical control system. 



BOOLEAN ALGEBRA: A process of reasoning, or a deductive system 
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of lEeorcms a «ynibolic logic, and dealing -Mrilh classes, propositions, 
or on-off circnil eleincnls. Il ranpJoys symbols to represent operators such 
as AXD, OR, NOT, EXCEPT, IF . . . THEN, to permit mathematical 
calculation. Named after George Boole, famous English mathematician 
(2815-1864). 

BOEING: Eini^ing a hole already drilled or cored, by means of a 
rotating, offset, single-point tool. On some boring marines the tool is 
stationary and the voxh rerolres; on others the reverse is true. 

C 

CAED-TO-TAPE CONVERTER: A device which converts information 
directly from punched cards to punched or magnetic tape. 

CARTESIAN COORDINATE: <1) The distance of a point from cither 
of two intersecting straight-line axes measured parallel to the other axis. 

(2) The distance from any of three Intersecting coordinate planes meas- 
ure parallel to that one of three straight-line axes that is the intersection 
of the other two planes. 

CASCL4DE CONTROL: An nulomalic control system in which various 
control units are linked in sequence, each control unit regulating the 
operation of the next control unit in line. 

CHIP3IAKING : The cutting away of excess metal, in the form of chips, 
from a workpiece by use of a cutting tool. Differentiated from abrading 
or grinding because of the larger sizes of chips removed and by higher 
metal-removal rates. 

CLOSED LOOP: Pertaining to a system with feedback type of control, 
such that the output is used to modify the inpuL 

C03DIAND: (1) An electronic pulse, si^al or set of signals to start, 
stop or continue some operation. It is incorrect to use command as a 
^nonym for instruction. (2) The portion of an instruction word which 
specifies the operation to be perfonned. 

C031PUTER: -A device capable of accepting information, applying 
prescribed processes to the information, and supplying the results of 
these processes. It usually consists of input and output devices, storage, 
arithmetic, and lo^cal units, and a control unit. 

CONTOUR CONTROL SYSTESI: A numerical control system in which 
the cutting path of each tool can result from the coordinated, simultane- 
ous motion of two or more axes. Descriptive of the most complex category 
of machine tool numerical control systems. Contrasted with POSITION 
CONTROL SYSTE.M and STRAIGHT-CUT CONTROL SYSTEM. 

D 

DA3IPING: A characteristic built into electrical circuits and mechanical 
systems to prevent rapid or excessive corrections which may lead to in- 
stability or oscillatory conditions; e.g., connecting a register on the 
terminals of a pulse transformer to remove natural oscillations or placing 
a moving element in oil or sluggish grease to prevent mechanical over- 
shoot of the moving parts. 

DEBUG: (1) To locate and correct any errors in a computer program 
or part program. (2) To detect and correct malfunctions in a computer, 
control system, or machine. 

DECADE: A group or assembly of ten units; e.g., a counter which 
counts to ten in one column or a resistor box which inserts resistance 
quantities in multiples of powers of 10. 75 
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DIGITAL C03IPUTER: A computer which processes information rep- 
r^ented hy combinations of discrete or discontinous data as o>mpar^ 
with an analog computer for continuous data. 3fore specifically, it is a 
derice for performing sequences of arithmetic and logical operations, not 
only o<i dada but its own program. Still more specifically it is a stored 
program digital computer capable of performing sequences of internally 
stored instructions, as opposed to calculators, such as card programed 
calculators, on T.hich the sequence is impress^ manually. 

DIGITIZER: A device which converts an analog measurement into 
digital form. Synonymous with quantizer. 

DIGITIZESG 3IACH1IVE : A machine, similar in appearance to AUTO- 
3IATIC DRAFTING 3IAx^HINE, which senses lines and curves on 
graphic input, such as an engineering mechanical drawing, and converts 
to numerical tape and/or printed output. May be operat^ by program- 
ing personnel who type in auxiliary machine-tool commands for merger 
with geometric data such as cutter center-paths, to produce complete 
machine control tapes for numerical machining. May be AUTOMATIC 
DRAFTING MACHINE with additional equipment which permits 
di^tizing. 

DOWi|^I3IE: The period during which a system, computer, or any other 
device is malfunctioning or not operating, due to electronic, mechanical, 
or other inherent failure. 

DRILLING: Cutting a round hole bjr means of a rotating drill. 



ELECTRONIC: Pertaining to that branch of science which deals with 
the motion, omission, and behavior of currents of free electrons, especi- 
ally in vacuum, gas, or phototubes and special conductors or semi- 
conductors. This is contrasted with electric which pertains to the flow 
of large currents in metal conductors. 

ELECTRONIC DATA PROCESSING SYSTEM: The general term 
used to define a system for data processing by means of machines utilizing 
electronic circuitry at electronic speed, as opposed to electromechanical 
equipment. 

ELECTRONIC SWITCH: A circuit element causing a start and stop 
action or a switching action electronically, usually at high speed. 

ERROR: The general term referring to any deviation of a computed or 
a measured quantity from the theoretically correct or true value. 

F 

FEEDBACK: The part of a closed loop system which automatically 
brings back information about the condition under control. 

FEEDBACK CONTROL: A type of system control obtained when a 
portion of the output si^al is operated upon and fed back to the input 
in order to obtain a desired effect. 

FEEDBACK CONTROL SIGN.AL: That portion of the output signal 
which is returned to the input in order to achieve a desired effect, such 
as a fast response. 

FIXED WORD-LENGTH: Having the property that a machine word 
always contains the same number of characters or digits. Contrasted v/ith 
VARIABLE WORD-LENGTH. 

FLOATING ZERO: Descriptive of a feature of some numerical machine 



controls, by which the zero point on a machine axis can he shifted; the 
control system retains no data concerning previous machine zero points. 
Contrast^ with ZERO OFESETr. 

FORTRAN: A programing language designed for problems which can 
be expressed in algebraic notation, alloiving for exponentiation and up 
to three subscripts. The FORTR.AN compiler is a routine for a given 
machine which accepts a program written in FORTRA?i source language 
and produces a machine language routine object program. FORTR.AX II 
added considerably to the power of the ori^al language by giving it 
the ability to define and use almost unlimited hierarchies of sub-routines, 
all sharing a common storage region if desired. Later improvements ha\e 
added the ability to use Boolean expressions, and some capabilities for 
inserting symbolic machine language sequences within a source program, 

G 

G-ATE: A circuit which yields an output signal that is dependent on 
some function of its present or past input signals, 

GRAPHIC PANEL: A master control panel which, pictorially and 
usually colorfully, traces the relationship of control equipment and the 
process operation. It permits an operator at a glance, to check on the 
operation of a far flung control system by noting dials, valves, scales, 
and lights. 



H 

HE.4D: A device which reads, records or erases information in a storage 
medium, usually a small electromagnet used to read, write or erase in- 
formation on a magnetic drum or tape or the set of perforating or 
reading fingers and block assembly for punching or reading holes in paper 
tape or cards, 

HOLOGR-APHY: Descriptive of types of photography or wave-front 
reconstruction, not employing lenses, in which interference patterns 
rather than conventional images are recorded, and in which a coherent 
light source is used to reconstruct data from photographic, radar, or other 
acquisition systems in apparent three-dimensional form, 

HUNTING: A continuous attempt on the part of an automatically con- 
trolled system to seek a desired equilibrium condition. The system usually 
contains a stardard, a method of determining deviation from this standard, 
and a method of influencing the system such that the difference between 
the standard and the state of the system is brought to zero. Clarified by 
SERVOMECHANIS.M, 

HYSTERISIS: The lagging in the response of a unit of a system behind 
an increase or decrease in the strength of a signal, 

I 

INFORiVIATiON THEORY: The mathematical theory concerned with 
information rate, channels, channel width, noise and other factors affecting 
information transmission. Initially developed for electrical communica- 
tions, it is now applied to business systems, and other phenomena v/hich 
deal with information units and flow of information in networks. 

INTEGRATED PLANT CONTROL SYSTEM : Descriptive of potential 
extension of process control systems, in which a large-scale digital com- 
puter system controls the totality of a processing or manufacturing plant 
on a closed loop, real time basis, automatically gathering and analyzing 
data, and executing programed management decisions. 
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LAO: h. rclalivc mcssw^c of tte liine delay bclween two events, slales, 
or mccharisais- 

LOCGER: A device which automatically r^oids physical process and 
events, usually chronolosicslly. 

LOGIC: ilj The systematic scheme which defines ihe interactions of 
scsnals in the design of an automatic data proces^g system. (2J 'l^e 
Lasic principles and application of truth tables and inter-^nneclion 
belween lo^cal clemcnls required for arithmetic computation in an auto- 
matic data processing syslcm. 



3LACHINABILIT3t: Descriptive of the quality or slate of being ma- 
chinable. Machinabiliiy rating assi^ in selecting appropriate machine 
feedrates and cutting speeds. 

3IAGNETIC TAPE: A tape or ribbon of any material impregnated or 
coated with magnetic or other material on which information may be 
placed in the fonn of magnetically polarized spots. 

3IILLING: Machining a piece of metal by bringing it into contact wilb 
a rotating cutting tool having multiple culling edges. A narrow milling 
cutter resembles the circular saw. Other cullers may have spiral edges 
which gives the app earance of a huge screw. Some of the shapes^produced 
by milling machines are very simple like the slots and surfaces pr^ 
duced by a circular saw; other shapes may consist of a vancly of combi- 
nations of flat and curv^ surfaces, depending on the shape given to the 
cutting edges of the tools. 

MIX: The total range of manufactured products produced by a business 
establishment or portion of it. 

3I0DULE: (1| An interchangeable plug-in item containing components. 
(2) An incremental block of storage, or other building block, for expand- 
ing the capacity of a computer or other electronic system. 

N 

NOISE: The meaningless extra bits or words which must be ignoretl or 
removed from the data at the time the data is used. 

Ntf^IERIC-AL CONTROL: Descriptive of concepts and systems related 
to control of object action by direct insertion of numerical data rather 
than by physical means. Synonymous with symbolic control. See NU- 
MERICAL CONTROL SYSTEM. 

NUMERIC.AL CONTROL SYSTEM: A system in which actions are 
controlled by the diicct insertion of data at some point, and in which Ae 
system must automatically interpret some portion of this data. Application 
of term usually is restricted to description of a system for the control of 
discrete, rather than continuous-flow processes; thus, contrasted with 
PROCESS CONTROL. See CONTOUR CONTROL SYSTEM, POSI- 
TION CONTROL SYSTE.M, and STRAIGHT-CUT CONTROL SYSTEM. 

O 



ON-LINE: Descriptive of a system and of the peripheral equipment or 
devices in a system in which the operation of such equipment is under 
control of the central processing unit, and in which information reflecting 
current activity is introduced into the data processing system as soon as 
it occurs, thus, directly in-line with the main flow of transaction processing. 
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OPE-V LOOP: Pcrtainiag to a CiOnxr«jl sr^ieni sa trlacJi litre fe? no #e3f- 
•noirecling sdxon for misses of lie desired opcxalional cordilioa. as tiere 
is in a closed loop fv^em. 



P 

PAPER TAPE: A slrip of paper apahlc of sloiing or recording in- 
fortnalion. ^loiage majs X»c in lie form of punched hoics, pailiallv punched 
holes, carhonizalion or ciuiTical change of hnpr^nalcd material, or by 
imprinling. Some paper tapes, S'nch as pamtied paper tape , arc capable 
of being read by lie inpul device o[ r compuier or a iransanilling device 
by sensing *J;e pallcrn of holes nhici repx*:^ cnl coded infor ma t i on, 

PHOTOGKA3IMETRY: Tic applicauon of melhods and lechniques 
of phologrammcJjy *o develop oompulcr-oricnled systems for aulomaiic 
analysis, and desciiplion in symbolic numeiicai form, of complex geo- 
metric shapes such as die cavities and automobile mock-upts. 

POLAR COORDINATE: Either of Ivro numbers that locate a point in 
a plane by its distance from a lixed point on a line and the angle thi< 
line makes with a £xed line. 

POSITION CONTROL SYSTEM: A discrete Inonconiinuousjl numeri- 
cal control system in which end points are controlled, but transition path*; 
to achieve them are not controlled; least, complex of machine tool 
numerical control systems and frequently installed on drilling and boring 
machines. Contia^ed with CONTOUR COZCTROL SYSTEM and 
STRAIGHT-CUT CONTROL SYSTEJL 

POSITION READOUT: Optica! numerical display of absolute position 
of machine axis. 



POST PROCESSOR: A computer program which oonveils the general- 
ized output of a computer-processed part program into the specific input 
requirements o ’*c machine tool-numerical control system on which the 
part is to be maebt ,ed. 

PROCESS CONTROL: Descriptive of systems in which distal, analog 
cr hybrid computers are used for the automatic regulation of operations 
or processes. Typical are operations in the production of chemicals 
wherein the operation control is applied continuously and adjustments 
to regulate the operation arc db-ecled by the computer to keep the value 
of a controlled variable constant. 

PROGRAM CONTROL: Descriptive of a system in which a computer 
is used to direct an operati'-n or process and automatically to hold or to 
make changes in the operation or process on the basis of a prescribed 
sequence of events. 

PULSE: A significant and sudden cliange of short duration in the level 
of some electric variable, usually voltage. 

PROGRAM STOP : A stop instruction built into the program that will 
automatically stop a machine under certain conditions, or upon reaching 
the end of the processing, or completing the solution of a problem. 

PUNCH CARD: A heavy stiff paper of constant size and shape, suitable 
for punching in a pattern ‘hat has meaning, and for being handled 
mechanically. The punched lioltis are sensed electrically by wire brushes, 
mechanically by metal fingers, or photoelectrically by photocells. 

PUNCH TAPE: A tape, usually paper, upon which data may be stored 
in the form of punched holes. Hole locations are arranged in columns 
across the width of the tape. There are usually 5 to 8 positions (channels) 
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per ctjli:na- will: reprcs«:i«^d Ly a hinzrr coded drriraal ^rfera. All 

boles 1*3 a col-uan are sensed sbsnllaneonsly in a manner sSnalsr to t b a l 
for pnncdi cards. Synonymons wilb peifoialed tape. 



READOCr: .A derice ibal displays, ia digils, dsla comprled or 
recorded. 



SYSTEMS TEST: <ll Ibc running of ibe wbole syfjcm again s l tcsl 
data. 12 1 A compile simnlalion of ibe actual running system for pur- 
poses of lefting out ibe ad^uacy of ibe syitcaa. (3) A lest of an entire 
inleiconneclcd set of components for ibe purpose of determining proper 
functioning and interconnection. 



T 

TAPPING: Culling a thread inride ibe bole so that a cap screw may be 
used in iL 

TOOL AIAGAZINE: storage unit on a machine tool, from which 

tooling is withdrawn and replaced by an automatic lool-cban^ng 
mechanism. 

TR-ANSISTOR: An electronic dericc utilizing semiconductor properties 
to control the fiow of currents. 

TURNING: Performed on a lathe. Using an en^e lathe, the piece of 
metal to he machined is rotated and the cutting tool pressed against iL 
Using a turret lathe (a lathe equipped with a six-sided loolholder called 
a turret, to which a number of di&erent cutting tools are attached) several 
diSerent cutting tools arc brought into successive use, and the sequence 
of machining operations can be repeated over and over again without 
resetting the tools. 



U 

ULTRASONICS: The field of science devoted to frequencies of sound 
above the human audio range; Le., above 20 kilocycles a second. 

V 

VARIABLE "WORD-LENGTH: Having the property that a machine 
word may have a variable number of characters. Contrasted with FIXED 
WORD-LENGTH. 

VECTOR: A quantity having magnitude and direction, as contrasted 
with a scaler which has quantity only. 

VERIFIER: A device on which a record can be compared or tested for 
identity, character-by-character with a retranscription or copy as it is 
being prepared. 

X-Y PLOTTER: A device used in conjunction with a computer to plot 
coordinate points in the form of a graph. 

Z 



ZERO OFFSET: Descriptive of a feature of some numerical machine 
controls, by which the zero point on a machine axis can be shifted, with 
the control system retaining data concerning the previous machine zero 
poinL Contrasted with FLOATING ZERO. 



ZERO POINT: The point from which a numerical control system re- 
lates other points. Synonymous with zero reference point. 
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Planer-Type Milling Macline Operator, Numerical Control - o- 

point-to-poiat and straigh;-cut part programer. - - »£ 

precision boring-and-drilliag machine operator, numerical control- ^ 

process planner, numerical control - 

Profile ^Gll Operator, Tape Control - 4 ,- '7 

programer, numerical control ‘^*’00 

tape bar operator, numer cal control 

Tape Control Skin Mill (iperator. 

Tape Control Spar Mill Operator 

tape drilling machine operator * 

Tape “Keller” Operator "" 

toolprkeWeC’n^^ 60 

tool setup man, numerical control ^ 

turret laSie operator, numerical control ^ 

“Variax” Operator 

vertical boring machine operator, numerical control 6 ^ 

vertical boring mill operator, numerical control 

vertical drilling-boring-and-milling machine operator, numerical con- 

v-prtiMHie bori machine operator, numerical control 41 

VERTICAL TURRET LATHE OPERATOR, NUMERICAL CON- 
TROL 
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SELECTED OCCUPATIONAL 

INFORMATION 

PUBLICATIONS 



Publicclf 25 may be ordered from ihe Superinlcndent of Documentf. U-S. 

Govemmenl Printing Office. Washington, D-C 5^)402, Remittance in ihe 

form of clieck or money order payable to the Superintendent of Doru- 

menls must accompany all orders. Do not send postage stamps. 

1. CAREER GUIDE FOR DEJUND OCCUPATIOIS'S. 1965. 40 pp. 
S.39 Provides information on education, tiainmg and worker trail 
requirements for 71 occupations*in demand: also a bibliography of 
selected references. 

2. DICTIONARY OF OCCUPATIONAL TITLES, in two volumes. 
Volume 1. 1965. 809 pp. §5.00. Lists in alphabtiical order over 35,000 
job titles in the American economy Provides definitions for almost 
22,000 individual occupations. 

Volume II. 1965. 656 pp. §4.25. Presents the occupational classi&ca- 
tion structure of the U.S. Employment Service. The structure con- 
sists of two arrangements of jobs. The fiist arrangement groups job 
according to a combination of work field, purpose, material, product, 
subject matter, generic term, and/or industry'. The second arrange- 
ment groups jobs according to abilities and trails required of 
workers. Also arrays jobs according to industry. 

SELECTED CHARACTERISTICS OF OCCUPATIONS (PHYSI- 
CAL DEMANDS, WORKING CONDITIONS. TRAINING TI.ME) 
A SUPPLE.MENT TO THE DICTIONARY OF OCCUPATIONAL 
TITLES, THIRD EDITION. 1966. 280 pp. §2.75. Lists individual 
pliysical demands, working conditions, and training time data for all 
jobs defined in the Dictionary- The information provides additional 
source material for determining job relationships in such activities as 
vocational counseling, personnel and manpower activities, training, 
rehabilitation, and placement. 

3. GUIDE FOR ANALYZING JOBS, ANALYSTS WORKBOOK. Re- 
printed 1966. 40 pp. §.25, A companion, pocket-sized workbook to 
the TRAINING AND REFERExYCE .MANUAL FOR JOB ANALY- 
SIS. Presents basic techniques of job analysis in outline form and 
provides an explanation of each job analysb component. 

4. HEALTH CAREERS GUIDEBOOK. 1965. §1.50. Written and de- 
signed to appeal to young people who are interested in planning a 
career in the health field. Describes more than 200 jobs in this field 
and contains information about educational, training and licensing 
re-quiremenls; job prospects; salaries and working conditions; per- 
sonal qualifications re<]uired; and sources of additional information. 



5. JOB 000*: FOR YOUXC WORKERS. 1963. 73 pp. $.45. Prcsesis 
highlight iiifoimalion on onliy johs or £dds of work frcqncnlly bdd 
Ijv voung people Icsfisg school. Provides infornuilion on em- 
ployment prospeds, qnalificailions for jobs, usual dulses, charader- 
iaics of the jobs, and how and where jobs arc obiain^ Also dire^ 
the young jobse^er to Federal and Stale agendes whi^ can provide 
Job information and counseling. Includes selected readings and some 
tips on how to gel a job. 

6. OCCUPATIOXS IX ELECTROXIC C031PLTIXC SYSTOIS. 19®. 
72 pp. $.39. Describes 23 different occupations peculiar to electronic 
computing. Gives the educalLn, training and characterises required 
of the worker by the job, and lists the physical aclirilies and en- 
vironmental conditions usually encounter^ Also has a glossary of 
technical terms, a hlihiography, and a listing of oiganiaalions, col- 
Jgggg, and universities where additional informal .on about electronic 
computing systems may be obtained. 

7. OCCUPATIOXS IX THE FIELD OF LIBRARY SCIEXCE 1966. 
57 pp. $.30. Presents descriptive information about ^ occupalions 
involved in library work, including education, training, anu expe- 
rience, and the worker trails required. 

8. OCCUP.ATIOXS LX THE CARE -AXD REH.ABILITATION OF THE 
MEXTALLY RETARDED. 1966. 76 pp. $35. Discu^ the problems 
peculiar to the care and rehabUiiaiion of those afflicted with menial 
retardation, and describes 27 ocoipations involved in such care and 
rehabilitation. Illustrated. 



9 TECHNOLOGICAL CHANGES IN COSIPOSING ROOM AND 
' BINDERY PROCESSES IN THE PRINTING AND PUBLISHING 
INDUSTRY. 1964. 50 pp. A single copy, from a limited supply, is 
available, upon request, from the U.S. Employment Service, Bureau 
of Employment Security, U.S. Department of Labor, W^hington, 
D.C. 20210. Presents a preliminary picture of occupational and 
staffing changes brought about in composing room and bindery proc- 
esses as a result of the introduction of automated equipment or tech- 
nolo^cal innovations. A limited study, covering eight plants in a 
single geographical area, and, therefore, not necessarily representa- 
tive of the industry as a whole. 



10. TRALXING AND REFERENCE MANUAL FOR JOB ANALYSIS. 
Interim Revision. 1965. 91 pp. $-60. An operational reference 
text that presents the principles and practices for obtaining informa- 
tion about jobs. 



-11 TRAINING ilANUAL FOR THE DICTIONARY OF OCCUPA- 
TIONAL TITLES (Third EdiUon) ; Part A, Instructor’s Guide. 1965. 
23 pp. $.25. Provides a guide to instructors for initialing and con- 
ducting the self-training program covering the Dictionary. 

Part B, Trainee’s Workbook. 1965. 323 pp. $1.75. A self-^ructional 
text, presented in the form of a linear progr^, covering the con- 
tents, structure, arrangement, and use of ibe Dictionary. 



Other occupational information puHicalions prepared by the U3. Employ- 
ment Service are listed in a booklet titled BUREAU OF EMPLOYMENT 
SECURITY PUBLICATIONS, Section III, “Employment Service Pub- 
lications.” This booklel may be obtained without cost from the nearest 
local office of your State employment service or by* writing to the U.S. 
Employment Service, Bureau of Employment Security, U.S. Department 
of Labor, Washington, D.C. 20210. 
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5. JOB GUIDE FOR YOUXC \rORKERi?. 1963. 7Z pp. $.45. Prescnis 

infei 33 iiiio!i on tsliy Jo5?s or £^ds of troifc frcijncslly held 
br Tosing people lestins hz^ sdiooL Piondes infonnalaon on en- 
ploymcnl prospeds. qualificsiiions for jobs, eisnal dnlies, dizradcr- 
idics of lEe jobs, and hoye and trbcrc jobs are oblaincd. Also dirccls 
ifcc yonng jobrsceker to Federal ned Stale agencies vhich can pioride 
job infonnalion and oonnsding. Includes selected readings and sense 
tips on how to gela job. 

6. OCCUPATIONS IX ELECTROXIC COMPUTING SYSTEMS. 19^. 
72 pp. $ZD. Describes 23 diUereni oocapaiions peculiar to electronic 
imputing. Gives the edncalion, training and charaderisiics required 
of the worker by ibe job, and lists tbe physical activities and en- 
vironnscnlal oondilions usually encountered. Also has a ^ossary of 
technical terms, a blibiograpby, and a lining of organization^ col- 
leges. and univcrrilies where additional information about electronic 
computing systems may be obtained. 

7. OCCUP.\TlO.\S IX THE HELD OF UBRARY SCIENCE 1%6. 
57 pp. S.30. Presents descriptive information about 22 occupations 
involved in library worfe, including education, training, and expe- 
rience, and the worker traits required. 

8. OCCUPATIONS IN THE CARE AND REHABILITATION OF THE 
MENTALLY RETARDED. 1966. 76 pp. S-35. Discusses the problems 
peculiar to the care and rehabilitation of those alSicled with mental 
letaidation, and describes 27 occupations involved in such care and 
r^iabilitation. Illustrated. 

9. TECHNOLOGICAL CHANGES IN COMPO.’SINC ROOM AND 
BINDERY PROCESSES IN THE PRINTING AND PUBLISHING 
INDUSTRY- 1964. 50 pp. A single copy, from a limited supply, is 
available;, upon request, from the U.S- l^ployment Service, Bureau 
of Employment Security, U3. Department of Labor, Washington, 
D.C. 20210. presents a preliminary picture of occupational and 
staffing «>ban gf^ biou^ about in composing room and bindery proc- 
esses as a result of the introduction of automated equipment or t«h- 
nological innovations. A limited study, covering eigbt plants in a 
^ngle geographical area, and, therefore, not necessarily representa- 
tive of the industry as a whole. 

10. TRALNING AND REFERENCE MANUAL FOR JOB ANALYSIS. 
Interim Revision- 1965. 91 pp. S-60. An operational and reference 
text that presents the principles and practices for obtaining informa- 
tion about jobs. 

Tl. TRAINING ^lANUAL FOR THE DICTIONARY OF OCCUPA- 
TIONAL TITLES (Third Edition) ; Part A, Instructor’s Guide. 1965. 
23 pp. S.25. Provides a guide to instructors for initiating and con- 
ducting the self-training program covering the Dictionary. 

Part B, Tramee’s Workbook. 1965. 323 pp. $1.75. A self-instructional 
text, presentel in the form of a linear program, covering the con- 
tents, slroicture, arrangement, and use of the Dictionary. 

Other occupational information publications prepared by theU.S. Employ- 
ment Service are listed in a booklet titled BUREAU OF EMPLOYMENT 
SECURITY PUBLICATIONS, Section III, *^Employment Service Pub- 
lications.” This booklet may be obtained without cost from the nearest 
local office of your State employment service or by writing to the U.S- 
Employmen* Service, Bureau of Employment Security, U.S- Department 
of Labor, Washington, D.C. 20210. 
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